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Background 
In a globalizing and capitalistic economic system, food companies have to compete 
fiercely for every dollar spent on food (Nestle, 2013). Stakeholders want, and mostly even 
demand, increasing annual profits, forcing food companies to convince people to 
consume more of their brands and products. As a consequence, food companies are 
forced to spend copious amounts of resources to develop and market products that will 
sell. One of the most important instruments to increase sales is by way of advertising - 
persuading people to consume more of the marketed products and brands. A stunning 
98% of these advertised food products is considered unhealthy by nutritionists (Powell, 
Szczypka, Chaloupka, & Braunschweig, 2007). Foods that are advertised mainly include 
energy-dense foods, which are rich in sugar, salt and fat (Harris, Pomeranz, Lobstein, & 
Brownell, 2009). In contrast, health practitioners recommend people to consume less of 
these high energy-dense foods (Roberto & Kawachi, 2014; WHO, 2013).   
Numerous factors influence what, when, and how we eat. Food companies’ 
marketing strategies target determinants why people choose to eat one food rather than 
another, or more instead of less. The industry spends billions to market their brands and 
products in an attempt to induce consumption behavior (WHO, 2013). Food cues of 
brands and products that are advertised are integrated in a great variety of media 
platforms in an effort to create positive associations with these particular brands and 
products. In this light, it is not very surprising that to increase sales companies invest 
heavily in food marketing directed at young children - children have many years of 
consumer behavior ahead of them, and bombarding them with attention grabbing food 
advertisements early on might guarantee brand loyalty for a lifetime (Klein, 2002; 
Lindstrom, 2011; 2012; Lindstrom & Seybold, 2003).  
For the food industry such incessant, sophisticated, and sometimes even tailored 
marketing has desirable effects. One of the intended effects is to foster what has been 
termed pester power, whereby children unrelentingly request the advertised food brand or 
products (Dens, De Pelsmacker, & Eagle, 2007). Moreover, exposure to food marketing 
starts at a young age and continues into adulthood, thereby creating strong associations 
between the advertised brand and one’s personal identity, leading to a lifelong 
relationship of consumption behavior (Barber, 2007; Klein, 2002).  
10 
In 2009, the 48 major food companies in the United States spent $1.79 billion on 
youth food marketing (FTC, 2012). The advertised food mostly is very palatable and 
therefore intrinsically rewarding (Brownell & Gold, 2013), making children often eat 
much more of the food than they actually need. This overeating appears to be stimulated 
by food advertisements. Pepsi Cola’s slogan is “Ask for More”, for example, and Mars 
promotes their candy brand with the slogan “A Mars a day helps you work, rest, and 
play”, suggesting their energy-dense products to be part of a daily diet. Eating of 
unhealthy foods beyond the homeostatic needs of an individual contributes to obesity, 
according to a large group of leading experts (Boyland & Halford, 2013; Brownell & 
Gold, 2013; Cairns, Angus, Hastings, & Caraher, 2013; Chandon & Wansink, 2012; 
Galbraith-Emami & Lobstein, 2013). Understanding the impact of the environment on the 
obesity epidemic thus also critically relies on exploring the influence of industry-
developed food cues on eating behavior (Brownell & Gold, 2013). 
In a society that is characterized by an abundance of highly palatable food items 
and a continuous presence of food-related cues, people are frequently triggered to 
consume food (Wardle, Carnell, Haworth & Plomin, 2008). Food advertisements are 
omnipresent and specifically designed to be attention-grabbing, intentionally activating 
children’s eating behavior (Kessler, 2010; Lindstrom, 2011, 2012; Moss, 2013). 
However, not all children appear to be affected by food advertisements to the same 
extent. Two recent studies, for example, found that overweight children showed higher 
immediate responsiveness to food advertising than children with normal weight (Halford, 
Gillespe, Brown, Pontin, & Dovey, 2004; Halford et al., 2008).  
Despite the fact that individual characteristics are known to be important to 
understanding the effects of food advertising (Valkenburg & Peter, 2013), there appears 
to be a gap in the scientific literature in that no study has examined individual 
susceptibility to food advertisements. In addition, many studies have focused on the 
effects of food advertising on attitudes, preferences, and intentions to consume certain 
foods, but research on the effects of food advertisements on actual eating behavior is 
relatively scarce (WHO, 2013). Lastly, it is often argued that young children are more 
likely to be affected by advertising because of their limited cognitive ability to adequately 
process advertising messages and recognize persuasive intentions (Kunkel et al., 2004; 
Rozendaal, Buijzen, & Valkenburg, 2010). It appears that children develop an 
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understanding of the persuasive intent of advertising around the age of eight (e.g., Smith 
& Atkin, 2003; Valkenburg & Cantor, 2001). However, it is as yet unknown if children in 
this age group are susceptible to food advertisements. To fill this gap in the literature, the 
current dissertation focuses on the effects of food marketing on the eating behavior of 
children, and more specifically addresses the question as to why some children are more 
susceptible to food advertisements than others. 
 
Food Advertising and Children’s Eating Behavior  
The extensive advertising of food is often mentioned as an important initiator of elevated 
intake of energy-dense foods and drinks in young children (e.g., Boyland & Halford, 
2013; Brownell & Gold, 2013; Buijzen, Schuurman, & Bomhof, 2008; Hitchings & 
Moynihan, 1998; Utter, Scragg, & Schaaf, 2006; Wiecha et al., 2006). Food advertising 
refers to any form of communication that is designed to, or has the effect of, increasing 
the recognition, appeal, and/or consumption of particular food products, brands and 
services (WHO, 2013). It encompasses anything that acts to advertise or otherwise 
promote a product or service from a food company. Food companies nowadays focus not 
only on manufacturing food products, but also on the imagery and feelings associated 
with their brands (Klein, 2002; Lindstrom, 2011 ). In other words, advertising is being 
used to build an image around a particular brand. Food marketers want to create an image 
and experience of their brand that is emotionally associated with a set of values that 
stimulates the consumption of energy-dense snacks (Klein, 2002; Lindstrom, 2011). 
 Systematic research reviews into the extent, nature and effects of food marketing 
directed at children conclude that advertising is extensive and widespread, and that it has 
an effect on unhealthy eating behavior (Boyland & Halford, 2013; Harris et al., 2009; 
WHO, 2003, 2009, 2013). More specifically, both correlational (Bolton, 1983; Buijzen, 
2009; Buijzen et al., 2008; Hitchings & Moynihan, 1998) and experimental data (e.g., 
Anschutz, Engels, & Van Strien, 2009; Anschutz, Engels, & Van Strien, 2010; Chernin, 
2008; Galst, 1980; Goldberg, Gorn, & Gibson, 1978; Gorn & Goldberg, 1982; Halford et 
al., 2004, 2007, 2008; Harris, Bargh, & Brownell, 2009) consistently show that exposure 
to food cues in advertising is related to increased choice and actual intake of snack foods 
among children. 
12 
 Although television remains an important platform for advertising, it is gradually 
being complemented by an increasingly multifaceted mix of marketing communications 
that focuses on branding and building lifetime relationships with future consumers. This 
wide array of marketing techniques includes online advertising, like websites, 
advergames, emails and text messages, communication through “viral marketing” and by 
(electronic) word-of-mouth, and offline advertising, like sponsorship, product placement, 
sales promotion, cross-promotions using celebrities, brand mascots or characters popular 
with children, packaging, labeling and point-of-purchase displays, and philanthropic 
activities tied to branding opportunities (Boyland & Halford, 2013).  
Many scientific studies have focused on television viewing and the effects on food 
intake of children because television viewing is still children’s predominant leisure time 
activity (Ofcom, 2014). However, Ofcom's (2014) Children and Parents Media Use report 
suggests that the use of internet is increasing rapidly. This trend has not gone unnoticed 
by marketers, who use the internet as an important marketing communication tool to 
target children. Where most of the previous research on child-targeted advertising has 
focused on the influences of television viewing and viewing food advertisements during 
commercial breaks (WHO, 2009), this dissertation will focus on the effects of a popular 
online marketing technique: advergames. 
 
A New Form of Food Advertising: Advergames 
Advergames are a relatively new form of advertising that features messages, logos, and 
trade characters in a game format (Mallinckrodt & Mizerski, 2007). Advergames contain 
typical videogame features such as the possibility to play multiple levels and create 
personal avatars - all in an attempt to make children return to the company’s or brand’s 
website and play the game multiple times (Santos, Gonzalo, & Gisbert, 2007). In 2009, 
companies in the US spent a projected $676 million to produce advergames (Lee, Choi, 
Quilliam, & Cole, 2009). Expenditure on US food marketing in online and viral 
marketing alone has increased by 50% since 2006, whereas expenditure on youth-directed 
television advertising dropped by 19.5% (FTC, 2012). According to content analyses of 
food and beverage websites in the US, approximately 80% of the food websites that are 
promoted on children’s television networks also offer advergames as part of their online 
content (Culp, Bell, & Cassady, 2010; Henry & Story, 2009; Lee et al., 2009; Moore, 
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2006; Weber, Story, & Harnack, 2006)). More than 540 advergames were found on food 
company websites, and some websites contained as many as 67 games (Moore & 
Rideout, 2007).  
Furthermore, 97% of all food and beverage advergames contained at least one food 
cue that could be considered a brand identifier, such as a food or package image, a brand 
character, or a company/brand logo (Culp et al., 2010; Moore, 2006). Food cues of the 
brand and/or its products are thus firmly integrated into the content of the advergame. Just 
as in food advertisements on television, the majority of food-advertising advergames 
contain cues of foods that contain high levels of sugar, salt, and/or fat; nearly three-
quarters of the advergames promote specific types of candy, cereals, soft drinks, or salty 
snacks (Lee et al., 2009). These advergames are designed and function in such a way as to 
be playful and involving, with brand immersion as the main objective of the advergames 
(Nairn & Hang, 2012).  
Because the frequency and duration of children’s online activity is increasing rapidly 
(Ofcom, 2014), and marketers market their food brands and products to an increasing 
extent online, it is important to examine how this relatively new form of food 
advertisements influences children’s eating behavior. The effects of food-promoting 
advergames have rarely been studied to date, and further examination seems necessary to 
address the consequences of this new form of advertising, especially with respect to its 
effect on children’s food intake and subsequent influence on weight gain (WHO, 2009). 
To improve possible prevention and intervention strategies, for example those that target 
implicit approach reactions to snack food after or during food advertisements, moreover, 
it is important to establish which personal factors explain individual susceptibility to 
advergames that promote food. Therefore, the first aim of this dissertation is to establish 
the effects of advergames that promote food on children’s eating behavior. The second 
aim is to examine if children’s food choices after playing an advergame promoting 
energy-dense snacks is associated with future weight status. The third aim is to examine 
individual factors that might explain susceptibility to advergames that promote food 
among children. The fourth aim is to test whether targeting implicit approach reactions 
to snack food can reduce the effect of advergames promoting food. 
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This Dissertation 
This part of the introduction will describe the specific research aims in more detail , and 
will offer an outline of the theoretical background to the current dissertation. A short 
summary of the existing literature with regard to the effects of advergames on 
consumption behavior will be provided. In addition, a theoretical framework for how 
children cognitively process the food cues in advergames will be described using the 
Processing of Commercialized Media Content-model (Buijzen, Van Reijmersdal, & 
Owen, 2010). In turn, the Cue-Reactivity Theory (Carter & Tiffany, 1999) is used to 
interpret and explain the physiological and psychological reactions to food cues. The 
Differential Susceptibility to Media Effects Model (Valkenburg & Peter, 2013) is used to 
point out individual characteristics that might influence susceptibility to food 
advertisements. Final, a short introduction of why a ‘go/no-go’-task might reduce the 
snack intake of children after they have played an advergame that promotes energy-dense 
snacks will be provided. 
 
The Effects of Food-Promoting Advergames on Children’s Eating Behavior 
Children who play advergames face a fundamentally different type of brand exposure 
than exposure to television or print media (Moore, 2006; Thomson, 2010). Online games 
provide a more highly involving brand experience than conventional media (Buijzen et 
al., 2010; Nairn & Hang, 2012; Thomson, 2010; Weber et al., 2006). The persuasiveness 
of advergames is different from regular advertising in three important respects (An & 
Stern, 2011; Cauberghe & de Pelsmacker, 2010; Culp et al., 2010).  
 First, the advertiser-sponsored videogames embed food brand messages in 
entertaining animated adventures, which makes it harder for children to mark the games 
as persuasive than it is during commercial breaks on television (Moore, 2006; Moore & 
Rideout, 2007; Panic, Cauberghe, & de Pelsmacker, 2013; Van Reijmersdal, Rozendaal, 
& Buijzen, 2012 ). The embedded food marketing cues in an advergame result in the 
marketing practitioners’ intended main effect of reduced skepticism in children as well as 
a greater openness to a food brand message (Lindstrom & Seybold, 2003). Food cues that 
are integrated in such games therefore might have a stronger effect than those in regular 
advertisements. 
 Second, rather than being exposed to cues passively, as is the case in regular 
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advertisements on television or in magazines, advergames require the child’s full 
attention and active participation. Consequently, children use a minimal level of cognitive 
elaboration to critically process food cues in the advergames and use their cognitive 
capacity mainly to play the advergame itself. This is another reason to expect that the 
food cues in the advergames promoting food induce children’s food intake (Buijzen et al., 
2010).     
Third, children are exposed to the food brand more frequently and for a longer 
period of time than when they watch a 30-second television advertisement (KFF, 2006; 
Moore & Rideout, 2007). Advergames are played for several minutes and can be played 
multiple times, which enhances the repeated exposure to food cues. 
 Because advergames differ to certain extents from regular advertisements, it is 
essential to determine how the food cues in advergames affect children’s eating behavior. 
Experimental studies have found that playing advergames has a positive effect on liking, 
preferring, and recognizing the advertised brands (Cauberghe & De Pelsmacker, 2010; 
Mallinckordt & Mizerski, 2007; Van Reijmersdal et al., 2012). Furthermore, Harris, 
Speers, Schwartz and Brownell (2012) have shown that children who played an 
advergame with food cues of energy-dense snacks ate more of these snacks and less fruit 
and vegetables afterwards than children who played an advergame with cues of fruit or 
those who were in the control condition. Pempek and Calvert (2009) have shown that 
children who played an advergame with a Pac-Man that had to eat fruit to finish the game 
significantly choose more often for fruit than children who played a Pac-Man game 
involving energy-dense snacks.   
These findings suggest that the food cues in advergames induce food intake and 
food choices among children. However, studies to date that have examined the effects of 
advergames that promoted food products on snack intake (e.g., Harris et al., 2012; 
Pempek & Calvert, 2009) have faced some methodological issues, potentially leading to 
unstable results in different research settings (most notably, small samples and the use of 
different games for different conditions). Experimental studies with larger groups of 
children and the same games for different conditions are therefore needed to establish the 
effect of food-promoting advergames on the eating behavior of children more solidly.  
 
16 
Processing of Food Cues in Advergames  
One important theoretical model that explains both the way in which children process the 
food cues in advergames and how it might affect their food consumption is the Processing 
of Commercialized Media Content (PCMC) model. The PCMC-model (Buijzen, et al., 
2010) states that there are three different levels at which children process persuasive 
messages, varying by level of cognitive elaboration in reaction to the message (cf. Petty 
& Cacioppo, 1996).  
The first level is systematic persuasion processing; that is, an extensive, deliberate 
and effortful cognitive elaboration of the persuasive message (Petty, Cacioppo, 
Strathmann, & Priester, 2005). Essential for this type of processing is high attention for - 
and awareness of - the message, and a high motivation to process all available 
information (Petty & Cacioppo, 1996). Persuasion on this level occurs through active 
learning mechanisms and formulation of cognitive responses (Heath, 2009).  
The second level is heuristic persuasion processing, in which the respondent is 
using moderate to low levels of message attention and awareness, and has a low 
motivation and ability to process the message (Buijzen et al., 2010). The heuristics affect 
the consumer in the absence of significant insight into the persuasive nature and intention 
of the advertisements. Regular food advertisements aimed at children rely heavily on this 
type of processing, particularly when children are focused more on emotional and 
entertaining aspects of the advertisements and less on retrieving information and building 
critical arguments towards them (Livingstone & Helsper, 2006; Nairn & Fine, 2008).  
The third level of processing is termed automatic persuasion processing and is 
characterized by a minimal level of cognitive elaboration. Consumer defenses such as 
persuasion knowledge and skepticism are very unlikely to occur at this level of 
processing. In general, children will be unaware that they are, or have been, targeted by 
food advertisements most of the time. Food cues that are highly embedded, for example 
those in advergames, typically rely on this type of processing (Nairn & Hang, 2012).  
Because food cues are embedded within the content of an advergame, children 
seem to be less ready to critically process the persuasive message of the food 
advertisement (Cauberghe & de Pelsmacker, 2013; Owen, Lewis, Auty, & Buijzen, 2009; 
Panic et al., 2013). This means that because children are focused on playing the game, 
they may subconsciously and automatically process the food cues. Terlutter and Capella 
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(2013) showed that advergames have the highest level of embedded advertising. The 
positive affect that is associated with the entertaining aspect of playing the advergames is 
transferred to the brand outside of conscious control, thereby influencing children’s food 
choices without deliberation. Children’s cognitive resources are allocated largely to the 
game they are playing, and food cues thus become elaborated on an automatic level 
(Buijzen et al., 2010), directly leading to physiological and psychological reactions. An 
important theory that describes these responses to food cues is the Cue Reactivity Theory 
(Carter & Tiffany, 1999). 
  
Reactions to Food Cues in Advergames 
The Cue Reactivity Theory states that food cues that motivate future eating behavior or 
are associated with eating behavior in general, trigger a series of physiological responses, 
including increased heart rate, gastric activity, saliva (Nederkoorn, Smulders, & Jansen, 
2000), heightened activation of the dopaminergic reward system (Castellanos et al., 2009; 
Volkow, Wang, Fowler, & Telang, 2008), as well as psychological responses, such as 
increased attention for food-related cues (Nijs, Franken, & Muris, 2010a; Nijs, Muris, 
Euser, & Franken, 2010b; Castellanos et al., 2009), cravings and thoughts about food 
intake (Berridge, 2009; Carter & Tiffany 1999; Jansen, 1998; Herman & Polivy,, 2008). It 
is via cognitions (e.g., thinking or learning processes), emotional aspects, or external 
sensory cues (e.g., the sight, taste, or smell of food) that the environment influences our 
eating behavior, affecting the so-called nonhomeostatic system of food intake (Berthoud, 
2006; Cornier, 2011). Through Pavlovian conditioning, such internal and external stimuli 
(the conditioned stimulus) become associated with the unconditioned stimulus in the form 
of palatable foods, which are natural reinforcers because of their neurologically rewarding 
effect (Berridge, 2009). As a consequence of the associations between external cues and 
food intake, conditioned stimuli come to elicit activation of a central appetitive state, 
resulting in eating behavior responses (Fedoroff, Polivy, & Herman, 2003; Jansen, 1998).  
This heightened responsiveness to environmental cues that predict food intake has 
been implicated as one of the mechanisms that promote overeating - and in the long run - 
weight gain for some individuals (Jansen et al., 2003; Volkow et al., 2008; Yokum, Ng, & 
Stice, 2012a,b). For example, overweight participants demonstrated a heightened 
18 
conditioned swallowing response to visual cues of chocolate milk than lean participants 
(Meyers, Risbrough, Liang & Boutelle, 2015). Another study has shown how, despite 
feeding and decreased self-reports of hunger, obese individuals retained incentive 
salience with respect to food cues, making them more susceptible to subsequent food 
intake (Castellanos et al., 2009).  
What the above has attempted to illustrate is that food cues that are integrated in 
the content of an advergame may influence eating behavior via cue exposure reactivity. 
When children encounter food cues while playing an advergame, they will process these 
cues in an automatic way and will act more responsively to actual food after play, without 
too much deliberation (Buijzen et al., 2010). It is thus expected that the food cues 
embedded in advergames induce an effect on children’s immediate eating behavior.  
 
Long Term Effects of Food Choices After Playing an Advergame Promoting 
Energy-Dense Snacks on BMI 
The studies in this dissertation examine if food advertisements influence food choices 
among children directly. In addition, there exists a major gap in the understanding of 
whether and how this might lead to subsequent weight change over time. Until now, no 
study has examined the role of food advertising on children’s food choices and the effect 
on weight development among children, although poor dietary choices appear to transfer 
from childhood into adulthood and are important instigators of weight gain over time 
(Whalen & Kliewer, 1994). For example, Thompson et al. (2004) found that the 
frequency of eating fast-food among girls between the ages of 8 and 12 was positively 
associated with BMI change over time.  
When external food cues trigger craving for palatable food, children who have the 
tendency to choose to eat energy-dense food to fulfill their craving may gain more weight 
over time than children who choose to eat a more healthy option. If children are given a 
choice to eat energy-dense snacks and/or fruit after playing an advergame promoting 
food, children who choose to eat the healthier food, might gain less weight over time 
compared to children who choose to eat more of the unhealthy food. That is, if this 
behavior becomes a regular pattern or even a trait of the children. The way children cope 
with food cue exposure (reactivity measured by food choices and intake) could predict 
future weight status among young children. For example, Jansen et al. (2003) have shown 
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that overweight children were more vulnerable to triggers of overeating. Overweight 
children failed to regulate food intake after been exposed to the intense smell of tasty 
food and after eating a small preload of palatable food, while normal weight children 
decreased their intake after both cues. 
It is important to examine the role of food advertisements on food choices among 
children and the subsequent weight development, because food choices as a response to 
food cues is generally considered to be one of the most important environmental 
instigator of the obesity epidemic (Lowry, Wechsler, Galuska, Fulton, & Kann, 2002; 
Rosenheck, 2008). Especially with food cues omnipresent nowadays, it is essential to 
examine how children cope with these cues and what kind of choices they make after 
food cues of palatable food triggered physiological and psychological reactions. Much 
research has been devoted to finding successful interventions that can prevent or reduce 
obesity in children (Khambalia, Dickinson, Hardy, Gill, & Bauer, 2012; Larson, Ward, 
Neelon, & Story, 2011; Nixon et al., 2012; Wang et al., 2013). These studies show that 
the more an environment promotes and stimulates (un)healthy behavior, the greater the 
likelihood that such behaviour will occur. For example, a review showed that the 
consumption of energy-dense food with a high glycaemic load greatly contributed to the 
rates of overweight and obesity in the US (Roberts, 2000), while stimulating children to 
eat fruit decreased BMI over time (Rolls, Ello-Martin, & Tohill, 2004).  
Moreover, studying the onset and development of food choices among young 
children, and the role that food marketing plays in these choices, is important to improve 
existing interventions. The palatable food that food marketers advertise is mostly 
intrinsically rewarding (Brownell & Gold, 2013), thereby stimulating incentive-
sensitization processes that affect children’s dietary behavior over time. Although parents 
may play a large role and can be held responsible for their children’s diets and food 
choices, food marketing budgets can readily undermine parental efforts to teach their 
children to choose for healthy foods. It is thus expected that if children eat more of 
energy-dense snacks after playing an advergame promoting energy-dense snacks they will 
gain more weight over time, while children who eat more of fruit after playing an energy-
dense advergame will not.  
 
20 
Individual Susceptibility to Food Advertising Effects  
Moreover, little is known about the determinants of individual susceptibility to food 
advertisements. However, the Differential Susceptibility to Media Effects Model 
(DSMM; Valkenburg & Peter, 2013) stresses the importance of individual characteristics 
in understanding media effects. The aim of the DSMM is to identify more precisely the 
roles of, and relationships between, media and non-media variables, and to specify the 
conditions under which these variables explain processes induced by media. According to 
this model, the effects of media exposure differ from child to child. 
This dissertation builds on the DSMM’s proposition that media effects are 
conditional and depend on individual characteristics (Valkenburg & Peter, 2013). 
Individual differences act as moderators in the effects of food advertisements, which in 
this dissertation means that they modify the direction and/or the strength of food 
advertising’s effect on eating behavior. If it can be established that this moderating effect 
holds true, this means that the effect impact of food advertisements is not equal for all 
media users. To disentangle the effects of advertising on eating behavior, this should be 
examined in greater detail. It has been shown, for example, that overweight children had a 
higher snack intake after food advertisements than children with normal weight (Halford 
et al., 2004, 2008), but it is not exactly clear what drives this moderator effect of weight 
status.  
 The two most prominent dispositional factors that could be related to heightened 
responsiveness to food cues in advertisements are impulsivity (Guerrieri, Nederkoorn, & 
Jansen, 2008; Jansen et al., 2009; Nederkoorn, Coelho, Houben, Guerrieri, & Jansen, 
2012; Nederkoorn, Guerrieri, Havermans, Roefs & Jansen, 2009) and attentional bias 
(Field & Cox, 2008; Hermans et al., 2012; Nijs et al, 2010a,b; Werthmann et al., 2011). 
Both factors have consistently been found to influence eating behavior in individuals. Up 
until now, however, no study has focused on impulsivity and attentional bias in relation to 
the effects of food advertisements on actual snack intake among children. The second aim 
of this dissertation is twofold: (1) to establish the role of impulsivity as an individual 
susceptibility factor, and (2) to establish the role of attentional bias as an individual 
susceptibility factor.  
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The Role of Impulsivity as an Individual Susceptibility Factor 
Impulsivity is considered to be associated with higher responsiveness to environmental 
cues (Dawe & Loxton, 2004). Although impulsivity is defined in different ways, two 
aspects can generally be distinguished: insufficient inhibitory behavioral control, and 
reward sensitivity or the inability to delay reward (Dougherty, Mathias, Marsh, & Jagar, 
2005). Individuals described as impulsive are found to be more susceptible to immediate 
reward of all kinds of substances, including energy-dense foods (e.g., Dawe & Loxton, 
2004; Guerrieri et al., 2007; 2008; Nederkoorn et al., 2000; 2009; 2012; Tetley, 
Brunstrom, & Griffiths, 2010; Verbeken, Braet, Claus, Nederkoorn, & Oosterlaan, 2009). 
Furthermore, Riggs, Spruijt-Metz, Sakuma, Chou and Pentz (2011) have found that an 
underdeveloped inhibitory system, illustrated by the inability to inhibit strong impulses, 
was associated with a higher intake of energy-dense snacks in general. 
Findings such as these imply that when exposed to food cues, impulsive children 
may respond differently to stimulatory cues compared to less impulsive children, with 
elevated energy intake as a result. The supposed underlying mechanism yields that 
impulsive children are more prone to seek rewarding substances and have lower 
inhibition capacities, which increases the risk of the usage of such substances when they 
encounter a cue that is related to the intake of the stimuli (Nederkoorn, Braet, Van Eijs, 
Tanghe & Jansen, 2006; Roefs et al., 2006). For example, overweight individuals are 
found to score higher on impulsivity and responsiveness to external food cues than 
normal weight individuals (Franken & Muris, 2005; Jansen et al., 2003; Nederkoorn, 
Havermans, Roefs, Smulders, & Jansen, 2006; Nederkoorn, Smulders, Havermans, & 
Jansen, 2004; Tetley et al., 2009). Because palatable food is intrinsically rewarding 
(Berridge, 2009; Brownell & Gold, 2013), impulsive children might already be more 
susceptible to cues that are related to the intake of this kind of food than less impulsive 
children (Riggs et al., 2011). Food advertisements mostly advertise for such palatable 
foods by priming children with tasty, rich-colored foods, making inhibition even more 
difficult and thereby inducing food intake of such rewarding foods. In this dissertation it 
is therefore expected that impulsive children are more susceptible to food advertisements 
than less impulsive children. 
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 The Role of Attentional Bias as an Individual Susceptibility Factor 
Attentional bias theory (Field & Cox, 2008) states that when people have an increased 
motivation to receive or avoid a rewarding substance (e.g., palatable food), they show 
increased attention towards environmental cues that can be related to that specific 
substance. Motivational stimuli such as food advertisements try to capture an individual’s 
attention and trigger neurological reward systems that promote craving of, and motivating 
behavior towards, the palatable food in question (Castellanos et al., 2009). It is therefore 
probable that increased attentional bias underlies higher responsiveness to food cues in 
advertisements in terms of higher craving and subsequent food intake.  
 Over the past two decades, a considerable body of evidence has accumulated to 
suggest that substance use and abuse are characterized by biases in the attentional 
processing of substance-related stimuli (Field & Cox, 2008). By way of classical 
conditioning, a substance-related cue acquires incentive-motivational properties and 
induces craving and, subsequently, eating behavior (Robinson & Berridge, 1993; 2001). 
The automatic and cue-driven nature of this classical conditioning is well-supported in the 
literature on craving and substance use (Carter & Tiffany, 1998; Goldstein & Volkow, 
2002; Mogg, Field, & Bradley, 2005; Palfai & Ostafin, 2003) and has recently been 
applied to eating behavior (Field & Cox, 2008). What is more, attention biases and 
craving for the rewarding substance are assumed to be reciprocally related (Field & Cox, 
2008): attention biases for food may elicit craving or hunger, and craving or hunger might 
in turn trigger attentional biases for food. This self-stimulating circle causes a 
preoccupation with palatable food (Nijs et al., 2010a,b; Yokum et al., 2012a,b).  
Research in the field of eating behavior has found overweight people to show a 
higher immediate attentional bias towards food cues than people with normal weight (Nijs 
et al., 2010a,b). For example, overweight individuals are found to score higher on 
attentional measures relating to external food cues than normal weight individuals 
(Franken, & Muris, 2005; Jansen et al., 2003; Nederkoorn et al., 2006; Tetley et al., 
2009). In other words, overweight individuals might experience a higher saliency of 
environmental food cues and may therefore be more prone to be influenced by food 
advertisements in their subsequent eating behavior. In addition, hungry individuals 
showed a higher attentional bias to food cues than individuals who were less hungry 
(Castellanos et al., 2009). Indeed, several studies have found that hunger levels are 
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associated with an attentional bias toward food-related cues, that seems logical from an 
evolutionary perspective, because a selective detection of food seems to be one of the 
most adaptive characteristic of humans and animals, especially when hungry (Castellanos 
et al., 2009; Mogg, Bradley, Hyare, & Lee, 1998; Nijs et al., 2010b; Veenstra & de Jong, 
2010; Wardle et al., 2008).  
Although these findings suggest that attentional bias to food cues is related to 
eating behavior, the specific influence of attentional bias to food cues in food 
advertisements has not been studied in detail. Insights gained from attentional bias studies 
suggest a classical conditioning scenario in the relationship between food cues and 
subsequent intake of stimuli. This classical conditioning starts at a very young age, 
whereas attentional bias to food cues has rarely been examined among children. The main 
intention of food advertising is to capture attention from the consumer, to persuade them 
to consume the advertised food. It is as yet unknown, however, whether children already 
show an attentional bias towards food cues, and if so, whether this leads to 
(over)consumption after exposure to food advertisements. This dissertation therefore aims 
to add to the literature on attentional bias by examining the role of attentional bias in the 
effect of advergames that promote energy-dense snacks on children’s eating behavior.  
  
Reducing Snack Intake After Playing an Advergame  
As has been indicated above, food advertisements directed at children aim to influence 
children’s eating behavior on an automatic level and in such a way that is difficult to 
control for; thereby reducing children’s skepticism towards the advertisement (Buijzen et 
al., 2010). In accordance with this line of inquiry, scholars and health practitioners have 
started searching for new intervention techniques that target implicit eating-related 
processes in order to reduce unhealthy eating behavior (e.g., Marteau, Hollands, & 
Fletcher, 2012; Sheeran, Gollwitzer, & Bargh, 2013). One recent approach has been to 
change immediate attentional, affective or behavioral responses toward food stimuli by 
means of training procedures (e.g., Kemps, Tiggemann, Orr, & Grear, 2014; Marteau, et 
al., 2012; Ogden, Carroll, Curtin, Lamb, & Flegal, 2014). This approach is based on the 
idea that by reducing automatic approach reactions towards food, this will ultimately 
decrease impulsive eating behavior.  
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Gaining control over implicit reactions toward energy-dense snacks seems to be 
important for limiting caloric intake (Hall, 2012). One example of a task that appears to 
be successful in trying to increase the control over these automatic reactions is a short 
‘go/ no-go’-task in which palatable foods are consistently presented in close temporal 
proximity of ‘no-go’ cues (e.g., Houben & Jansen, 2011; Veling, Aarts, & Papies, 2011; 
Veling, Aarts, & Stroebe, 2013; Veling, Holland, & Van Knippenberg, 2008; Veling, Van 
Koningsbruggen, Aarts, & Stroebe, 2014). Studies have shown that presenting ‘no-go’ 
signals near specific stimuli reduces the incentive value of these stimuli as measured with 
a variety of dependent measures (e.g., Ferrey, Frischen, & Fenske, 2012; Houben, 
Havermans, Nederkoorn, & Jansen, 2012; van Koningsbruggen, Veling, Stroebe, & 
Aarts, 2014). After pairing foods with ‘no-go’ cues, moreover, impulsive consumption of, 
and choices for, these foods were reduced (e.g., Houben & Jansen, 2011; Lawrence, 
Verbruggen, Morrison, Adams, & Chambers, 2015; Veling et al., 2011, 2013). 
The effectiveness of the ‘go/no-go’-task as a suitable intervention technique to 
reduce food intake among children has not been examined, however. There are some 
important arguments to be made for why this type of intervention may be very effective 
and useful for this group in particular. For example, children, like adults, have strong 
approach reactions towards energy-dense food, and modifying approach reactions to these 
foods therefore seems a promising avenue in pursuit of a decrease in unhealthy eating. 
Next, because the inhibitory system of children is still developing (Schachar & Logan, 
1990; Williams, Ponesse, Schachar, Logan, & Tannock, 1999), however, it can be very 
difficult for them to regulate responses towards food, effectively inhibiting snack 
consumption (Metcalfe & Mischel, 1999). Thus, children have strong impulsive approach 
reactions towards palatable foods, but at the same time lack a well-developed inhibitory 
system. Directly changing these approach reactions via a ‘go/no-go’-task might prove an 
effective intervention to curtail unhealthy eating among children. This dissertation 
therefore aims to examine if a ‘go/no-go’-task can reduce the snack intake among 
children that is triggered by an advergame that promotes energy-dense snacks.  
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Outline of The Chapters 
Six empirical studies (total N = 1,114) have been conducted for the current dissertation. 
The six chapters (Chapter 2-7) in the body of this dissertation reflect the six papers that 
outline these respective studies. The successive chapters aim to provide support for the 
overall hypotheses of this dissertation. Each  chapter addresses one, or a part of, the four 
research aims. The chapters 2-7 will be introduced briefly below, including a note on how 
their content relates to the specific aims of the current dissertation.  
 
Chapter 2: The Effect of Playing Advergames that Promote Energy-Dense Snacks or 
Fruit on Actual Food Intake Among Children. 
Chapter 2 describes an experiment that was conducted to examine the first aim of this 
dissertation: to establish the effects of an advergame promoting energy-dense snacks or 
fruit on actual snack intake. A randomized between-subject design was used with 270 
children (age: 8–10 y) who either played an advergame that promoted energy-dense 
snacks, fruit or nonfood products, or were in a control condition. Subsequently, we 
measured the free intake of energy-dense snacks and fruit. The children then completed 
questionnaire measures, and their weight and length were measured. The advergame that 
was used in this study was an online memory game in which brand name and logos 
appeared on the back of cards, and individual products appeared on the front. The 
corresponding paper to this chapter was published in The American Journal of Clinical 
Nutrition (Folkvord, Anschütz, Buijzen,& Valkenburg, 2013). 
 
Chapter 3: The Development of BMI Among Young Children Based on (Un)Healthy Food 
Choices in Response to Food Advertisements. 
Chapter 3 describes the results of additional analyses of Chapter 2 that were conducted to 
examine the second aim of this dissertation: to examine if children’s food choices after 
playing an advergame promoting energy-dense snacks has an influence on future weight 
status. BMI of 218 children (age: 10-12 y) that participated in the experiment described in 
Chapter 2 was assessed two years later. The current chapter has been submitted for 
publication in its present form (Folkvord, Anschütz, & Buijzen, [submitted]). 
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Chapter 4: Impulsivity, “Advergames”, and Food Intake. 
Chapter 4 describes an experiment that was conducted to examine the first part of the 
third aim of this dissertation: the role of impulsivity in the effect of food advertisements 
on children’s snack intake. A randomized between-subject design was used with 261 
children (age: 8-10 y) who played an advergame that promoted energy-dense snacks (with 
or without an inhibition task), or an advergame that promoted nonfood products (with or 
without an inhibition task). First, trait impulsivity scores were assessed using a computer 
task. Then, children were invited to play one of the advergames and were presented two 
bowls of energy-dense snacks while playing. Half of the children was told that they could 
eat as much as they liked while playing; the other half of the children was told that they 
could eat as much as they liked while playing, but would gain a reward if they refrained 
from eating. The intake of energy-dense snacks was measured. The children then 
completed questionnaire measures, and their weight and length were measured. The 
advergames used in this study were identical to the games used in the previous 
experiment. The corresponding paper to this chapter was published in Pediatrics 
(Folkvord, Anschütz, Nederkoorn, Westerik, & Buijzen, 2014). 
 
Chapter 5: The Role of Attentional Bias in the Effect of Food Advertising on Actual Food 
Intake Among Children. 
Chapter 5 describes an experiment that was conducted to examine the second part of the 
third aim of this dissertation: the role of attentional bias in the effect of food 
advertisements on children’s snack intake. A randomized between-subject design was 
used with 116 children (age: 7-10 y) who either played an advergame that promoted 
energy-dense snacks or an advergame that promoted nonfood products. While playing, 
eye-movements were measured to assess attentional bias to food cues and nonfood cues. 
Attentional bias was measured as gaze duration, number of fixations, and latency of the 
initial fixation to the in-game food or nonfood cues. The children then completed 
questionnaire measures and their weight and length were measured.   
 The memory games used in the previous studies were to some extent adjusted for 
this study to facilitate measurement of eye-movements and fixations. Compared to the 
games described in Chapters 2 and 4, the cards in this experiment did not contain brands 
on their backside, and only neutral products on the flipside. Advertisements in the form of 
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brands and products were placed on both sides of the screen, either in the form of a food 
brand and energy-dense products, or a nonfood brand and products. After playing the 
game, children could eat freely from two bowls of candy. The children then completed 
questionnaire measures, and measurements were taken (weight and length). The 
corresponding paper to this chapter was published in Appetite (Folkvord, Anschütz, 
Wiers,& Buijzen, 2015). 
 
Chapter 6: Attentional Bias for Food Cues in Advertising Among Overweight and Hungry 
Children. 
Chapter 6 describes the results of additional analyses carried out on the data obtained 
from the study described in Chapter 5. This chapter examines in more detail the second 
part of the third aim of this dissertation: the role of attentional bias in the effect of food 
advertisements on children’s snack intake. The focus of the study lies with differences in 
attentional bias for food cues between overweight and normal weight children, and 
between hungry and less hungry children. It makes use of the same eye-tracking methods 
to measure attentional bias as in Chapter 5, as well as using the same advergames 
described in that chapter. The current chapter has been submitted for publication in its 
present form (Folkvord, Anschütz, & Buijzen, [submitted]). 
 
Chapter 7: Targeting Implicit Approach Reactions to Snack Food in Children: Effects on 
Intake. 
Chapter 7 describes an experiment that was conducted to investigate the fourth aim of this 
dissertation, testing whether a ‘go/no-go’-task can reduce the snack intake after exposure 
to an advergame that promotes energy-dense snacks. A randomized between-subject 
design was used with 133 children (age: 7-10 y) who either first played an advergame that 
promoted energy-dense snacks, or an advergame that promoted nonfood products. After 
playing the game these children conducted a short ‘go/no-go’-task, and were subsequently 
presented with a free supply of energy-dense snacks (of which intake was measured). The 
children then completed questionnaire measures, and their weight and length were 
measured. This chapter is submitted in the current form (Folkvord, Veling, & Hoeken, 
[resubmitted]). 
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Abstract 
Background: Previous studies have focused on the effects of television advertising on 
the caloric intake of children. However, the rapidly changing food marketing landscape 
requires research to measure the effects of nontraditional forms of marketing on the 
health-related behaviors of children. 
Objective: The main aim of this study was to examine the effect of advergames that 
promote energy-dense snacks or fruit on children’s ad libitum snack and fruit 
consumption and to examine whether this consumption differs according to brand and 
product type (energy-dense snacks and fruit). The second aim was to examine whether 
advergames can stimulate fruit intake. 
Design: We used a randomized between-subject design with 270 children (age: 8–10 y) 
who played an advergame that promoted energy-dense snacks (n = 69), fruit (n = 67), or 
nonfood products (n= 65), or were in the control condition (n = 69). Subsequently, we 
measured the free intake of energy-dense snacks and fruit. The children then completed 
questionnaire measures, and we weighed and measured them.  
Results: The main finding was that playing an advergame containing food cues increases 
general caloric intake, regardless of the advertised brand or product type (energy-dense 
snacks or fruit), and this activity particularly increases the intake of energy-dense snack 
foods. Children who played the fruit version of the advergame did not ate significantly 
more fruit than those in the other groups.  
Conclusions: The findings suggest that playing advergames that promote food, including 
either high energy-dense snacks or fruit, increases the caloric intake of children.  
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Introduction 
Childhood obesity is a major global health concern (WHO, 2009). Obese children are 
likely to remain obese over the years and to develop diseases, including diabetes and 
cardiovascular diseases, at a younger age (WHO, 2009). The World Health Organization 
concluded that the intense advertising of energy-dense, micronutrient-poor food and 
beverages is a probable causal factor in childhood obesity (WHO, 2003). Many empirical 
studies have supported these claims (Barr-Anderson, Larson, Nelson, Neumark-Sztainer, 
& Story, 2009; Buijzen, Schuurman, & Bomhof, 2007; Buijzen, Schuurman, & Bomhof, 
2008; Calvert, 2008; Epstein et al., 2008; Halford, Gillespie, Brown, Pontin, & Dovey, 
2004; Hitchings & Moynihan, 1998; Scully, Dixon & Wakefield, 2009), indicating that 
exposure to food advertising significantly influences children's consumption of energy-
dense food.  
Cue reactivity theory explains these findings by stating that food cues that signal 
food intake may begin to act as conditioned stimuli that trigger cue reactivity or 
conditioned responses, such as cravings and actual eating behavior (Coelho, Jansen, 
Roefs, & Nederkoorn,2009; Jansen, 1998). Most studies have focused their research on 
the effects of television food advertising. 
 However, the food marketing landscape is rapidly changing and adopting new 
digital and online media technologies as marketing tools (Hitchings & Moynihan, 1998). 
One important new form of such online marketing is advergames, which are free online 
games that integrate advertising messages, logos, and trade characters. Content analyses 
reveal that food marketers use advergames largely to promote their products (Cicchirillo 
& Lin, 2011; Harris, Speers, Schwartz, & Brownell, 2012; Henry & Story, 2006; Kelly, 
Bochynska, Kornman, & Chapman, 2008; Lee, Choi, Quilliam, & Cole, 2009; Moore, 
2006; Pempek & Calvert, 2009; Thomson, 2010; 2011; Weber, Story, & Harnack, 2006), 
especially food products that are high in sugar and fat (Lee et al., 2009).  
 Previous research has shown that playing advergames has a positive effect on 
liking, preferring, and recognizing an advertised brand (Cauberghe & de Pelsmacker, 
2013; Mallinckrodt & Mizerski, 2007; Van Reijmersdal, Rozendaal, & Buijzen, 2012), 
but research on the effects on actual caloric intake is scarce. Harris et al. (2012) reported 
that children who played an advergame with energy-dense food ate more energy-dense 
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snacks and fewer fruits and vegetables than children who played an advergame with fruit 
or those in the control condition. Pempek and Calvert (2009) showed that children who 
played a version of Pacman with fruit ate significantly more fruit than those who played a 
version of Pacman with energy-dense food. Whereas these studies encountered some 
methodological difficulties (i.e., small samples [Harris et al., 2012; Pempek & Calvert, 
2009], or the use of different games in different conditions [Harris et al., 2012], we 
attempted to address these difficulties by using a large representative sample and 1 
memory game that varied only according to the advertised content.     
The main objective of this study is to examine the effect of advergames that 
promote energy-dense snacks or fruit on children’s ad libitum snack and fruit 
consumption and to examine whether this consumption differs according to brand and 
product type (energy-dense snacks and fruit). The second objective is to examine whether 
advergames can stimulate fruit intake (Harris et al., 2012; Lee et al., 2009; Pempek & 
Calvert, 2009). We designed the current experiment to test 3 hypotheses. Hypothesis (a) 
proposes that playing advergames that promote food increases general caloric intake. 
Furthermore, hypothesis (b) proposes that playing an advergame that promotes food 
increases product type-related food intake (Harris et al., 2012; Pempek & Calvert, 2009). 
The expectation is that advergames that promote energy-dense snacks will increase 
energy-dense snack intake, whereas advergames that promote fruit will increase fruit 
intake. Finally, hypothesis (c) suggests that increased food intake after playing an 
advergame is not specific to a certain brand (Harris et al., 2012; Pempek & Calvert, 2009) 
but will also enhance the intake of a brand promoting products in the same product 
category (e.g., snacks; see for example Anschutz, Engels, & Van Strien, 2009).  
 
Subjects and Methods 
Experimental design and stimulus materials 
The children were randomly assigned to 1 of 4 conditions, which involved playing (1) the 
energy-dense snacks advergame (i.e., promoting a popular candy brand and 8 different 
gummy and jelly sweets from this popular candy brand); (2) the fruit advergame (i.e., 
promoting a popular fruit brand and 8 different fruits, fruit drinks, or cups with fruit from 
this popular brand); (3) the nonfood advergame (i.e., promoting a popular Dutch toy 
brand and 8 individual toys from this popular toy brand); or (4) no game at all (control 
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condition). We randomized the conditions within schools and the conditions were 
counterbalanced to start with a different condition every day, so that none of the 
conditions were tested more in the morning or just before or after the break. The order of 
conditions was also counterbalanced to avoid any order effects. A professional game 
designer designed the advergames. All games were identical, except for the advertised 
brands and products. The game involved a memory game with 16 cards, whereby the 
brands appeared on the back of the cards, and the individual products (candy, fruit, or 
toys) appeared on the front of the cards. These products clearly displayed the brand logos. 
 Furthermore, we showed the brand on the right side of the screen to enhance the 
awareness of the advertised brand. Similar to regular advergames, we integrated 2 
specific features to immerse the children into the game. First, a digital timer appeared on 
the top-left of the screen, and a time bar appeared in the top center of the screen to exert 
time pressure on the children. Second, the game played an unpleasant sound when a child 
selected a false pair and a pleasant sound when a child selected a correct pair. All children 
were seated at a different table and were presented 4 bowls that contained 4 different food 
snacks directly after they played the advergame. Two bowls contained energy-dense food 
snacks, (1) jelly candy (cola bottles) and (2) milk chocolate candy shells; and 2 bowls 
contained sliced fruit snacks, (3) bananas and (4) apples. Two bowls of test food, such as 
cola bottles and bananas, were identical to 1 of the food products shown in the 
advergame. In addition to these food snacks, we used other popular candy (milk chocolate 
candy shells) and fruit (apples) to test possible spill-over effects. The effect of the 
advergame could possibly affect the intake of other snacks that are not directly involved 
with the advergame. When children see a food commercial, they often do not directly 
have the advertised snacks available, but the effect of the food cue might spill over to 
comparable available snack foods that are eaten to fulfill the craving.  
 
Procedures 
The committee for ethical concerns in the Faculty of Social and Behavioural Sciences at 
the University of Amsterdam approved the current study. The data collection occurred 
between November 2011 and February 2012. After obtaining consent from the schools to 
participate, we sent the parents of the children a letter with detailed information regarding 
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the study, and we asked them to inform us if they did not want their child to participate in 
the experiment or if their child was allergic to 1 of the test foods. Children who were 
allergic to the test food did not participate in the experiment. More than 90% of the 
children whose parents we approached were allowed to participate. We emphasized that 
all of the data that we collected would remain confidential and that children could cease 
participation at any moment. We individually tested the children at their schools during 
regular school hours. The experimenter collected 1 child at a time from the classroom; the 
teacher assigned the children (in alphabetical order) to the experimenter. The 
experimenter brought each child to another classroom or office containing a computer 
running 1 of the advergames. The children in the advergame groups played the game 
online. The experimenter read the instructions from the screen, which stated that the child 
would be playing a memory game for 5 minutes and should attempt to finish as many 
games as possible, which were unlimited. The children were exposed to the advergame 
for 5 minutes because comparable studies (Pempek & Calvert, 2009; Van Reijmersdal et 
al., 2012) have used approximately the same amount of time and we reasoned that 5 
minutes would be enough time to process the food cues. A pretest with a different group 
of children (n = 5) showed that children enjoyed this game when they played it for 5 
minutes.   
Further instructions stated that after each game, the time bar would stop, and the 
score would appear; then, the time would continue when the new game started. After 
reading the instructions, each child began the game and signaled the experimenter when 
the game stopped after 5 minutes. The experimenter then left the room. The total score 
appeared on the screen when the game ended.                 
While the experimenter recorded their scores, the children waited at a different 
table. When the children sat down, the experimenter told them that they had a break for 5 
minutes and could eat as much as they liked. When the assigned child was in the control 
condition, the child directly started with the eating part of the experiment and did not do 
something prior. Providing the children with a free task would result in too much 
variation of activities. The children in the control condition were used as a baseline 
condition to estimate how much children ate when 4 different bowls containing food were 
presented to them, without playing an advergame. Because the children in the control 
condition did not play an advergame, they were 5 minutes shorter in the room. The 
  51  
 
 
 
experimenter placed a glass of water and 4 different preweighed bowls in front of the 
children on the table. The brand of the food was visible on all of the food bowls. The 
questionnaire consisted of questions that assessed sex, age, hunger levels, brand and 
product recognition,  and attitude to the products and brands that were in the advergames. 
The experimenter read the questions and answers aloud, and the children gave their 
answers. When the questionnaire was finished, the experimenter measured the height and 
weight of the children. The children were then accompanied back to their classrooms, and 
the experimenter then invited the next child to participate. The experimenter requested 
that all children refrained from discussing the experiment with their classmates. After 
each session, the experimenter weighed the bowls to calculate caloric intake. The 
experimenter refilled and weighed the bowls before the next child entered the room to 
make sure that the children did not notice how much the previous child had eaten.  
  
Measures  
BMI 
We calculated BMI, measured as weight (kg)/height2 (m), from measured height and 
weight. We measured weight to the nearest 0.1 kg while the children were wearing 
clothing and no shoes. We also measured height according to standard procedures (no 
shoes) to the nearest 0.5 cm. We calculated whether the children were underweight, 
normal weight, overweight, or obese using international cut-off scores (Cole, Bellizzi, 
Flegal, & Dietz, 2009). 
 
Caloric intake 
To measure caloric intake after playing the advergame, we allowed the children to eat for 5 
minutes, ad libitum. We weighed the amount of snack food that a child ate before each child 
entered the room and weighed again after eating. We used a professional balance scale to 
estimate to the nearest 0.1 g. We recalculated the number of grams that a child ate in 
kilocalories for use as a dependent measure. The amount of energy-dense snack food that a 
child ate is the sum of the kilocalorie intake of jelly candy and milk chocolate candy, and the 
amount of fruit is the sum of the kilocalorie intake of bananas and apples. The total number 
of kilocalories that a child ate is the sum of energy-dense snacks and fruit.  
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Hunger 
We controlled for individual differences in hunger by presenting the children with a 
visual analogue scale (VAS1; 14 cm) to measure the extent to which they felt hungry 
before the experiment began. We assessed hunger after the children played the game and 
ate, because we wanted to avoid that demand characteristics would influence caloric 
intake and to approach a daily life situation as much as possible. VASs are widely used 
and are reliable and valid rating scales for measuring subjective experiences related to 
food intake (King & Hill, 2008; Van Laerhoven, Van der Zaag-Loonen, & Derkx, 2004). 
The anchors were “not hungry at all” and “very hungry.”  
Furthermore, at the end of the experiment, we examined whether there were 
differences in terms of recognizing the brand and product that we used in the 3 
advergames. We measured brand or product recognition by presenting the children with 
the logos or products from the advergame that they played and 2 comparable other brands 
or products that did not appear in the advergame. We asked the children to indicate 
whether they remembered each brand and product from the advergame. We tabulated the 
correct answer with the false responses. False responses were the brands or products that 
did not appear in the game. We found no differences in brand or product recognition 
between the advergames. The attitude to the brand and foods that were in the advergames 
were assessed with six different items (nice, stupid, tasteful, untasteful, cool, boring) on a 
VAS-scale. Finally, at the end of the experiment, we asked the children to indicate 
whether they were aware of the goal of the research, but no child gave the correct answer. 
 
Statistical Analysis 
Before testing our hypotheses, we conducted randomizations checks with a 1-factor 
ANOVA for sex, hunger, BMI, and age. Table 1 presents the means and standard 
deviations for all variables separately for each condition. We estimated outlying scores on 
caloric intake that could affect the results by computing residual scores and testing them 
for Mahal’s distance, Cook’s distance, and leverage scores, but we found no indications 
to assume outlying scores. To examine which factors should be used as covariates, we 
conducted correlational analyses. Table 2 shows Pearson’s correlations between the 
variables in the model. Because hunger, age, and sex significantly related to caloric 
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intake, we included these variables as covariates in the analyses. Furthermore, we tested 
the hypotheses with a multivariate analysis of covariance (MANCOVA). We conducted 
post hoc Bonferroni tests to examine the differences between the advergames. In addition, 
we examined the interaction effects for sex, hunger, BMI, and age because, according to 
earlier research, these factors can have a combined effect with food advertisements 
(Anschutz et al., 2009; Halford et al., 2008). To correct for the multiple comparisons (4), 
we Bonferroni adjusted the significance levels. The adjusted p-value that was considered 
significant was .05. We calculated effect sizes for Cohen’s f and Cohen’s d. Cohen’s f 
effect sizes of 0.02, 0.15, and 0.35 indicate small, medium, and large effect sizes, 
respectively. A Cohen’s d effect size of 0.2 to 0.3, approximately 0.5, and 0.8 to infinity 
indicate small, medium, and large effects, respectively.  
 
Table 1 
Variables measured by the condition
12
 
1 
Mean ± SD (all such values). VAS, visual analogue scale. 
2  
N = 270 
 
 
 
 
 Energy-dense snack (n 
= 69) 
Fruit (n = 67) Nonfood (n = 65) Control (n = 69) 
Sex (boy = 1, girl = 0) 1.58 ± 0.5 1.43 ± 0.5 1.51 ± 0.5 1.49 ± 0.5 
Hunger (cm on VAS) 3.8 ± 2.3 4.0 ± 3.0 3.9 ± 2.9 4.3 ± 2.7 
BMI, corrected 2.3 ± 0.6 2.2 ± 0.5 2.2 ± 0.5 2.1 ± 0.4 
Age (y) 8.9 ± 0.7 8.9 ± 0.8 8.9 ± 0.8 8.9 ± 0.8 
Total calorie intake (kcal) 197.2 ± 111.4 184.1 ± 117.1 128.9 ± 83.4 121.7 ± 104.4 
Total energy-dense food 
intake (kcal)  
164.8 ± 106.6 151.4 ± 116.2 104.7 ± 83.3 94.5 ± 71.1 
Total fruit calorie intake 
(kcal) 
32.4 ± 27.1 32.7 ± 28.2 24.2 ± 24.0 27.2 ± 28.8 
Jelly cola bottles intake 
(kcal) 
85.9 ± 85.2 79.0 ± 74.2 59.9 ± 52.6 41.8 ± 39.3 
Milk chocolate candy 
shells intake (kcal) 
78.9 ± 80.8 72.4 ± 79.7 44.7 ± 58.3 42.6 ± 45.8 
Bananas intake (kcal) 15.7 ± 19.9 18.1 ± 19.9 14.3 ± 19.6 16.2 ± 25.0 
Apples intake (kcal) 16.7 ± 16.1 14.5 ± 14.2 9.9 ± 9.9 11.0 ± 12.3 
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Results 
The total sample consisted of 277 children (grades 3–4) from 6 primary schools in the 
Netherlands, and 51.5% of the participants were boys. We excluded 7 children from the 
analyses because teachers interrupted the experimental session (n = 4) or because the 
children had not finished the session completely as a result of a lack of motivation (n = 
3); thus, the final sample contains 270 children. The mean (± SD) age of the children in 
grade 3 (n = 142) was 8.4 ± 0.58 y and that in grade 4 (n = 128) was 9.42 ± 0.54 y. In our 
sample, 1.9% of the children were underweight, 80% were normal weight, 15.6% were 
overweight, and 2.6% were obese. The percentage of children in our study that were 
overweight and obese (17.8%) was comparable with the current percentage of overweight 
and obese children in the Netherlands (13.3%). The BMI category distribution was not 
equally distributed between sex groups, as girls were more often overweight than boys 
were, see Table 2.  
We found no differences in the BMI category distribution between the age groups. 
We found no significant differences between the experimental conditions for sex, hunger, 
BMI, and age. We also found that brand recognition and attitudes toward the game did 
not differ significantly between the advergames. We also tested whether the scores 
influenced the amount of caloric intake, but we found no effect. The Cronbach’s alphas 
for attitude to the energy-dense brand was .79, for attitude to the fruit brand it was .58, for 
attitude to the energy-dense snacks it was .79, and for the attitude to fruit it was .72. We 
found no differences between the four groups for attitude to the energy-dense brand, F (3, 
267) = 1.829, p = .142, or fruit brand, F (3, 267) = 0.877, p = .454, and nor the attitude to 
the energy-dense foods, F (3, 267) = 0.668, p = .572, or fruits, F (3, 267) = 1.449, p = 
.229. 
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Table 2 
Pearson’s correlations between the mode variables12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
VAS, visual analogue scale. 
2
N= 270 
3
p < .05 
4
p < .01 
 
Table 3 shows the results of the MANCOVA. In our first hypothesis, we expected 
that the children who played an advergame containing food would have a higher total 
caloric intake than the children in the other conditions. We found that the children who 
played an advergame that promoted food (energy-dense snacks or fruit) ate significantly 
more than the children who played an advergame that promoted nonfood products. A post 
hoc Bonferonni revealed that the children who played an advergame promoting food, 
energy-dense snacks (p < .01) or fruit (p < .01), ate much more than the children who 
played the nonfood advergame. The children who played an advergame that promoted 
food, energy-dense snacks (p < .01) or fruit (p < .01), also ate significantly more than the 
children in the control condition. We found no significant differences between the other 
conditions with regard to total caloric intake. Table 4 shows the results of the post hoc 
Bonferroni tests. Furthermore, we found that male children (p < .01) and children who 
reported being hungry (p < .01) had a higher caloric intake.  
 Sex Hunger BMI Age Total 
energy-
dense snack 
intake (kcal) 
Total fruit 
intake 
(kcal) 
Sex (boy = 1, girl = 0)       
Hunger (cm on VAS) -.16
4
      
BMI, corrected -.14
3
 -.00     
Age (y) -.13
3
 .03 -.03    
Total energy-dense 
snack intake (kcal) 
-.14
3
 .24
4
 .08 -.08   
Total fruit intake 
(kcal) 
-.08 .20
4
 -.00 .17
4
 -.01  
Total intake (kcal) -.15
3
 .28
4
 .07 -.04 .97
4
 .25
4
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Table 3 
Results from MANCOVA analyses with caloric intake as dependent variable
12
   
 
1 
VAS, visual analogue scale. 
2 
N= 270 
3
 p < .05 
4
 p < .01 
5 Cohen’s f 
 
 
 
 
 
 
 
 
 
 
 
 
 Total intake  Total energy-dense 
snack intake 
Total fruit intake  Jelly cola bottles 
intake  
Milk chocolate candy 
shells intake  
Bananas intake  Apples intake  
Sex (boy = 1, girl = 
0) 
F(1,263) = 6.700
4
 F(1,263) = 6.176
3
 F (1,263) = 0.234 F (1,263) = 11.601
4
 F (1,263) = 0.025 F (1,263) = 0.051 F (1,263) = 0.352 
Hunger (cm on 
VAS) 
F(1,263) = 25.364
4
 F(1,263) = 17.410
4
 F (1,263) = 10.607
4
 F (1,263) = 1.501 F (1,263) = 21.458
4
 F (1,263) = 7.450
4
 F (1,263) = 4.283
3
 
Age (y) F(1,263) = 1.114 F(1,263) = 4.242
3
 F (1,263) = 11.981
4
 F (1,263) = 5.813
3
 F (1,263) = 0.283 F (1,263) = 10.863
4
 F (1,263) = 2.460 
Advergame  F(3,263) = 15.703
4 
F(3,263) = 13.744
4
 F (3,263) = 1.491 F (3,263) = 8.097
4
 F (3,263) = 6.104
4
 F (3,263) = 0.265 F (3,263) = 3.806
3
 
Effect size
5 
.40 .37 n.s. .28 .24 n.s. .18 
Explained variance 21.3 % 18.1 %  12.9 % 11.2 %  6.8 % 
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Table 4 
Adjusted means and standard deviations of food intake in kcal, controlled for sex, hunger, and age, split by conditions and food intakes.
12
 
 
1 
VAS, visual analogue scale. 
2 
N= 270 
3
 ANCOVA post hoc pairwise comparisons (Bonferroni) with total intake as dependent variable revealed significant differences between 
a
 and 
c 
(p < .01, Cohen’s d = 0.73), 
between 
b 
and 
c 
(p < .01, Cohen’s d = 0.52), between a  and d  (p < .01, Cohen’s d = 1.01), between b and d  (p < .01, Cohen’s d = 0.78),  
4 
ANCOVA post hoc pairwise comparisons (Bonferroni) with total energy-dense snack intake as dependent variable revealed significant differences between 
a 
and 
c 
 (p < .01, 
Cohen’s d = 0.67), b and c  (p < .01, Cohen’s d = 0.44), between a  and d  (p < .01, Cohen’s d = 0.99),  between b  and d  (p < .01, Cohen’s d = 0.73), between a  and d  (p < .01, 
Cohen’s d = 0.99). 
5 
ANCOVA post hoc pairwise comparisons (Bonferroni) with total fruit intake as dependent variable revealed no significant differences. 
6 
ANCOVA post hoc pairwise comparisons (Bonferroni) with jelly cola bottles intake as dependent variable revealed significant differences between 
a 
and 
d 
(p < .01, Cohen’s 
d = 0.76), between 
b  
and 
d 
(p < .01, Cohen’s d = 0.66), 
7 
ANCOVA post hoc pairwise comparisons (Bonferroni) with milk chocolate candy shells intake as dependent variable revealed significant differences  
between 
a  
and 
c  
( p< .05, Cohen’s d = 0.49), between a  and d (p < .01, Cohen’s d = 0.61), between b  and d (p < .05, Cohen’s d = 0.49).  
8 
ANCOVA post hoc pairwise comparisons (Bonferroni) with bananas intake as dependent variable revealed no significant differences. 
9 
ANCOVA post hoc pairwise comparisons (Bonferroni) with apples intake as dependent variable revealed significant differences between 
a  
and 
c  
(p< .05, Cohen’s d = 0.52), 
and between
 a 
and 
d  
( p< .05, Cohen’s d = 0.42).  
 
 Total intake
3
  Total energy-
dense snack 
intake
4 
Total fruit intake
5
  Jelly cola bottles 
intake
6
  
Milk chocolate 
candy shells intake
7
  
Bananas intake
8
  Apples intake
9
  
Energy-dense 
snacks (n = 69) 
202
a
 ± 111
 
170
a
 ±  107 32
a
 ± 27 89
a
 ±  85 80
a
 ±  81 16
a
 ± 20 17
a
 ±  16 
Fruit (n = 67) 183
b
 ± 117 150
b
 ± 116 33
b
 ± 28 78
b
 ± 74 72
b
 ± 80 18
b
 ± 22 15
b
 ± 14 
Nonfood (n = 65) 130
c
 ± 83 106
c
 ± 83 24
c
 ± 24 60
c
 ± 53 45
c
 ± 58 14
c
 ± 20 10
c
 ± 10 
Control (n = 69) 106
d
 ± 75 80
d
 ± 71 29
d
 ± 29 39
d
 ± 39 40
d
 ± 46 16
d
 ± 22 11
d
 ± 12 
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To test our second hypothesis, we tested the differences in product type-related 
food intake. We found that the children who played an advergame promoting energy-
dense snacks (p < .01) or fruit (p < .01) ate significantly more energy-dense snacks than 
the children who played the advergame promoting nonfood products. Further, the children 
who played an advergame promoting energy-dense snacks (p < .01) or fruit (p < .01) ate 
more energy-dense snacks than the children in the control condition. A post hoc 
Bonferroni test revealed no significant differences between the other conditions with 
regard to energy-dense snack intake; thus, the advergames that promoted energy-dense 
snacks or fruit had a similar effect on energy-dense caloric intake. Furthermore, we found 
that sex (p < .05), hunger (p < .01), and age (p < .05) were significantly related to energy-
dense calorie intake. Male children, children who reported being hungry, and younger 
children ate more energy-dense snacks. 
The analyses with fruit caloric intake as the dependent variable showed no 
differences among the 4 conditions. To test our third hypothesis, we used the caloric 
intake of the separate brands as dependent variables. First, with cola bottle kilocalorie 
intake as the dependent variable, we found significant differences between the conditions. 
A post hoc Bonferroni test showed that the children who played an advergame that 
promoted energy-dense snacks (p < .01) or fruit (p < .01) ate significantly more jelly cola 
bottles than the children in the control condition. We found no significant differences for 
the other comparisons. Second, the analyses with the kilocalorie intake of milk chocolate 
candy shells as the dependent variable also yielded a significant effect for the advergame. 
We found that the children who played the advergame with energy-dense snacks (p < .05) 
ate significantly more milk chocolate candy shells  than the children who played the 
nonfood advergame.  
The results also showed that the children who played the advergame with energy-
dense snacks (p < .01) or fruit (p < .05) ate significantly more milk chocolate candy shells 
than the children in the control condition. We found no significant difference between the 
advergame that promoted energy-dense snacks and the game that promoted fruit. Third, 
the analysis of the kilocalorie intake of bananas yielded no effects of the advergames on 
banana intake. Fourth, with apple intake as the dependent variable, we did find an effect 
of the advergames. We found that the children who played the advergame that promoted 
energy-dense snacks ate more (p < .05) apples than the children who played the 
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advergame that promoted nonfood products. The children who played the advergame that 
promoted energy-dense snacks also ate more (p < .05)  apples than the children in the 
control condition. 
 In all analyses, we tested for interaction effects between the conditions and sex, 
game attitude, or BMI, but we did not find any significant effects for these interactions. 
Sex, game attitude, and BMI did not moderate the effect of the advergames on food 
intake. 
 
Discussion 
The main objective of this study was to examine the effect of advergames that promote 
energy-dense snacks or fruit on the ad libitum snack and fruit consumption of children. 
Furthermore, we examined whether this consumption was specific to product types and 
brands. The results show that the children who played an advergame with energy-dense 
snacks or fruit had a higher caloric intake after playing the game compared with the 
children who played an advergame with nonfood products or those who did not play the 
game.  
 In addition, the results show that children who played the advergame with energy-
dense food ate significantly more energy-dense food after the game than the children in 
the control condition or those who played the advergame with nonfood items; however, 
the children playing the game with energy-dense snacks did not consume more than the 
children who played the advergame promoting fruit. A separate analysis showed that the 
results for the energy-dense food is based on both the effect of the advertised brand and 
the consumption of an energy-dense snack from a different brand. We found the same 
result for the children who played the advergame promoting fruit. Thus, consistent with 
our expectations, the effects were not product type or brand speciﬁc but transferred to 
other energy-dense snacks that were available. This spill-over effect of food commercials 
on different products other than the advertised product and brand has also been found with 
television commercials (Anschutz et al., 2009). We found no interaction effects for age, 
attitude toward the game, and sex; therefore, the effects of the advergames were the same 
for these groups.  
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Our second aim was to examine whether children who played an advergame 
promoting fruit consumed more fruit after playing the game compared with children in 
other conditions. The results show that the children who played the advergame with fruit 
ate more energy-dense food rather than eating more fruit. This result refutes our 
expectations; advergames that promote fruit do not necessarily stimulate fruit intake. The 
cues that the advergames presented signaled food intake, which led to a higher caloric 
intake compared with the conditions that did not signal food intake. The presence of 
sensory inputs that have been associated with past consumption primes cravings and, 
when available, actual food intake. Therefore, the general conclusion is that exposure to 
food cues in advergames influences the direct food intake of children.  
 Harris et al. (2012) also found a direct relation with food intake, reporting that 
children who played an advergame with energy-dense food ate more energy-dense snacks 
and fewer fruits than children in the control condition or those who played an advergame 
with fruit. Contrasting our results, Harris et al. (2012) found that playing an advergame 
that promoted fruits and vegetables did increase the intake of fruits and vegetables. In 
their study, Harris et al. (2012) used different forms and types of advergames, which can 
affect the manipulation of the independent variable because the gameplay and persuasive 
intent differ in each game and thus may provide an alternative explanation for their 
findings. These authors used real online advergames whereby children could play these 
games for any length of time as long as they played each game once. Because these games 
differed in their gameplay and persuasion, whether the experimental conditions (energy-
dense snacks versus fruits and vegetables) can explain the intake differences is unclear. 
The study by Pempek and Calvert (2009) also showed that children who played a version 
of Pacman with fruit ate significantly more fruit than those who played a version of 
Pacman with energy-dense food. A possible explanation of why we found different effects 
of advergames that promote fruit could be our use of large representative groups and 
branded games, whereas Pempek and Calvert (2009) did not make such choices. The use 
of large representative groups decreases the likelihood of obtaining false-positive results 
(Simmons, Nelson, & Simonsohn, 2011). The inconsistencies between our study and 
those of earlier studies indicate that it remains unclear whether children will eat more fruit 
after playing an advergame promoting fruit. Our results show that these advergames can 
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increase general caloric intake. More research is needed, particularly because health 
communicators already use advergames to promote fruits and vegetables.   
 Playing advergames that contain food messages, whether they promote energy-
dense snacks of fruit, resulted in greater energy-dense caloric intake. These findings build 
on previous findings that playing energy-dense food advergames increases the energy-
dense caloric intake of children (Harris et al., 2012; Pempek & Calvert, 2009). 
Furthermore, the results support the existing evidence that food-branded advergames can 
contribute to increased consumption of energy-dense food snacks among children between 
8 and 10 years old, and this increased consumption can lead to obesity over time (WHO, 
2003). Our findings illustrate that fruit advergames can affect energy-dense snack intake 
rather than fruit intake (Harris et al., 2012; Pempek & Calvert, 2009). Results of the 
present study advance the current knowledge base regarding advergames that promote 
energy-dense snacks and fruit by expanding the literature from selection and preferences 
to actual behavior. Further investigation is required especially because childhood obesity 
remains a major health concern worldwide and because food companies continue to 
develop new forms of digital marketing. Playing advergames differs from regular food 
advertisements with regard to the persuasiveness of food advertisements in 3 different 
ways (An & Stern, 2011; Cauberghe & De Pelsmacker, 2010; Culp, Bell & Cassady, 
2010). First, online games provide a more highly involving, interactive, and entertaining 
brand experience than is possible with conventional media forms (Thomson, 2010; 2011; 
Weber & Story, 2006). Second, advertiser-sponsored video games embed brand messages 
in entertaining animated adventures, which makes it more difficult for children to 
recognize the persuasive purposes of such games (Moore, 2006; Moore & Rideout, 2007; 
Van Reijmersdal et al., 2012). Therefore, embedded marketing messages in advergames 
reduce the skepticism of children and create more openness to brand messages (Lindstrom 
& Seybold, 2003). Third, children are exposed for a longer period of time to a food brand 
when playing such a game than when they watch a 30-second television advertisement. 
These aspects may explain why we observed such strong effects on food intake.  
 The first strength of this study is that we were able to manipulate a popular 
advergame with different food content and brands, that was identical or comparable to 
advergames that are used by many different food producers to promote their brands and 
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products, thereby increasing the external validity of our study. The second strength was 
that the large number of children that participated in this study can be considered as an 
adequate test for the effects of advergames promoting food on actual snack intake. The 
third strength is that we not only tested the effect of advergames promoting energy-dense 
snacks, but also the effect of advergames promoting fruit on fruit intake. One limitation of 
this study is that children played the advergame for only five minutes, while in real life, 
children can play for an unlimited amount of time. When children play the game more 
frequently, this could lead to even stronger effects of the advergame on caloric intake than 
observed in this study (Harris et al., 2012). Furthermore, it must be noted that the 
availability of food that we presented in our study after playing an advergame is not 
totally comparable with a truly naturalistic setting. In real life children might not have 
access to different types of snack foods and/or fruits, which they can freely eat from. 
However, the results show that the effects of playing a game containing food cues spill 
over to other kinds of foods than promoted in the game, which suggest that children would 
eat more of other foods when available. 
Additional research is needed to examine the psychological mechanisms that can 
explain the individual susceptibility to advergames and measure the effects of these games 
on the health-related behaviors of children. The marketing landscape will continue to 
change rapidly, and such changes will require a greater understanding of the effectiveness 
of advergames to examine the potential influence on children’s health and thus to inform 
public policy.  
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Chapter 3 
The Development of BMI Among Young Children Based 
on Food Choices in Response to Food Advertisements 
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young children based on food choices in response to food advertisements. 
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Abstract 
Background: Previous studies have focused on the primal effects of food advertisements 
on the caloric intake of children. However, long-term effects of susceptibility to these 
food advertisements have not been examined.  
Objective: The main aim of this study was to examine the role of individual susceptibility 
to food advertisements on future weight gain among young children. In a previous 
experiment (Folkvord, Anschutz, Buijzen, & Valkenburg, 2013), children could eat ad 
libitum from bowls filled with energy-dense snacks and fruits after exposure to a food 
advertisement. In the study reported here, the same children were measured and weighed 
again after two years and the effect of their food choices on BMI was measured.   
Design: In this study 218 children’s BMI was measured, two years after they participated 
in a randomized between-subject experiment. In that experiment they played an 
advergame that promoted energy-dense snacks, fruit, or nonfood products, or did not play 
an advergame (control condition). After playing the game, the free intake of energy-dense 
snacks and fruits was measured. A within-subject design was used to test the effect of 
food choices on BMI over time. 
Results: The main finding is that children who ate more apples after playing an 
advergame promoting energy-dense snacks had a lower BMI two years later. We found no 
effects of energy-dense snack intake after playing the energy-dense advergame on BMI 
two years later. Furthermore, we found no effects of food intake on BMI two years later 
for the children in the other conditions. 
Conclusions: The findings suggest that coping with environmental cues that trigger 
unhealthy eating behavior is associated with the body mass index of young children two 
years later. This might imply that learning to respond to food cues by choosing healthy 
options might prevent children from weight gain. 
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Introduction 
Childhood obesity has more than doubled in children over the last three decades (Ogden, 
Carroll, Kit, & Flegal, 2014). In parallel with the increased prevalence of childhood 
obesity, the total expenditure for food advertisements to children and the availability of 
these foods has increased enormously (James, Leach, Kalamara, & Shayeghi, 2001). 
Many empirical studies and reviews have concluded that the intense advertising of 
energy-dense, micronutrient-poor food and beverages--which is designed to stimulate 
consumption--is a probable causal factor in childhood obesity (Boyland & Halford, 2013; 
Harris, Pomeranz, Lobstein, & Brownell, 2013; WHO, 2009, 2013).  
In particular exposure to food-promoting advergames showed strong effects on 
eating behavior of children (Folkvord et al., 2013; Folkvord, Anschutz, Nederkoorn, 
Westerik, & Buijzen, 2014; Folkvord, Anschutz, Wiers, & Buijzen, 2015; Nairn & Hang, 
2012). Advergames request active attention and participation, and the food cues are highly 
embedded in the content of the game, thereby reducing the cognitive elaboration of the 
marketing message among children (Buijzen, Van Reijmersdal, & Owen, 2010; Moore, 
2006; Moore & Rideour, 2007; Nairn & Hang, 2012; Panic, Cauberghe, & De 
Pelsmacker, 2013; Van Reijmersdal, Rozendaal, & Buijzen, 2012). Considering that these 
attractive food advertisements are mostly promoting energy-dense snacks, high in salt, 
sugar and fat, and have low nutritional value (WHO, 2009), it becomes very difficult for 
children to inhibit their responses towards energy-dense food, and choose a healthier 
option if they crave for the advertised food.      
The cue reactivity theory predicts that food cues in advergames signal food intake 
act as conditioned stimuli that trigger cue reactivity or conditioned responses, such as 
craving and actual eating behavior (Jansen, 1998). Food advertisements capture attention 
and trigger neurological reward systems (Brownell & Gold, 2013; Castellanos et al., 
2009), which subsequently induce craving and motivating behavior toward palatable and 
energy-dense foods (Castellanos et al., 2009). A heightened responsiveness to external 
cues that predict food intake has been identified by the incentive-sensitization model of 
obesity as an important mechanism that stimulates overeating (Berridge, 2009) and weight 
gain in some individuals (Stice, Spoor, Ng, & Zald, 2009; Volkow, Wang, Fowler, & 
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Telang, 2008). The opposite process might also hold, in which a lower responsiveness to 
external cues or a better inhibition systems leads to less weight gain. 
Until now, no study has examined if the reactivity to food cues in advertisements 
predicts caloric intake among young children and if this is associated with future weight 
gain. This is remarkable, because this reactivity is generally considered to be the most 
important environmental instigator of the obesity epidemic (Lowry, Wechsler, Galuska, 
Fulton, & Kann, 2002; Rosenheck, 2008). For example, a review showed that the 
consumption of energy-dense food with a high glycaemic load greatly contributed to the 
rates of overweight and obesity in the US (Roberts, 2000). When external food cues 
trigger craving for palatable food, it might be that children who choose to eat energy-
dense food to fulfill their craving gain more weight than children who choose to eat a 
more healthy option, such as fruit. 
 The main objective of this study is to determine if the reactivity to a food 
advergame at time point one (T1) is related to children’s body mass index after a period of 
two years (T2). We expect that the amount of energy-dense snacks consumed at T1 is 
related positively to BMI at T2 and BMI change (H1), especially after playing an 
advergame promoting energy-dense snacks (H1a). Furthermore, we expect that the 
amount of fruit that children consumed at T1 is associated negatively with BMI at T2 and 
BMI change (H2), especially after playing an advergame promoting energy-dense snacks 
(H2a). 
 
Subjects and Methods 
Experimental Design and Stimulus Materials 
In this study we used a randomized within subject design. At T1, children were randomly 
assigned to one of four conditions, which involved playing (1) an energy-dense snacks 
advergame (i.e., promoting a popular candy brand and eight different gummy and jelly 
sweets from this popular candy brand); (2) a fruit advergame (i.e., promoting a popular 
fruit brand and eight different fruits, fruit drinks, or cups with fruit from this popular 
brand); (3) a nonfood advergame (i.e., promoting a popular Dutch toy brand and eight 
individual toys from this popular toy brand); or (4) no game at all (control condition).  
After playing the advergame, children were directly seated at a different table; 
children who played no game were seated at the table immediately. The experimenter 
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placed a glass of water and four different pre-weighed bowls in front of the children on 
the table. Two bowls contained energy-dense food snacks, (1) jelly candy (cola bottles) 
and (2) milk chocolate candy shells; and two bowls contained sliced fruit pieces, (3) 
bananas and (4) apples. After each session, the experimenter weighed the bowls to 
calculate caloric intake. The experimenter refilled and weighed the bowls before the next 
child entered the room to make sure that the children did not notice how much the 
previous child had eaten (for more information about this study see Folkvord et al., 2013). 
At T2, approximately two years after we measured susceptibility to the food 
advertisements, we weighed and measured children’s BMI again. We examine within 
game conditions whether the amount of food eaten after playing the game (or control 
condition) is associated with BMI at T2, and the difference in BMI between BMI at T1 
and T2 (BMI change).  
 
Procedures 
The committee for ethical concerns in the Faculty of Social Sciences at the Radboud 
University approved the current study. After obtaining consent from the schools to 
participate, we sent the parents of the children a letter with detailed information regarding 
the study. The study was conducted between February and June 2014. To explain the 
study at T2, we described that we would measure height and weight and that all 
information would be confidential and that children could stop participation at any 
moment. Around 82% of the children who participated at T1 also participated at T2 (N = 
218).  
At T2 we individually tested the children with the same equipment at their schools 
during regular school hours. The teacher assigned the children (in alphabetical order) to 
the experimenter and the experimenter brought each child to a separate room where BMI 
was measured. BMI was measured as weight (kg)/height2 (cm). We measured weight to 
the nearest 0.1 kg while the children were wearing clothing but no shoes. We also 
measured height according to standard procedures to the nearest 0.5 cm. The children 
were then accompanied back to their classrooms, and the experimenter invited the next 
child to participate.  
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Participants 
In total 218 participants were weighed and measured at T2 (mean age = 11.13 y; s.d.= 
0.76 y; grades 5-6;  mean BMI = 18.31; s.d.= 2.73, BMI range =13.65–30.83) from 6 
different primary schools in the Netherlands; 51.4% of the participants were boys. 
Participants were recruited from a previous study (Folkvord et al., 2013). Using 
international cut-off scores (Cole, Belizzi, Flegal, & Dietz, 2000), among the children in 
this follow up study (T2), 12 children were underweight, 170 children were normal 
weight, 33 children were overweight, and 3 children were obese. 
 
Measures  
Caloric intake 
To measure caloric intake after playing the advergame at T1, we allowed the children to eat 
for five minutes, ad libitum. We weighed the amount of snack food that a child ate before 
each child entered the room and weighed again after eating. We used a professional balance 
scale to estimate to the nearest 0.1 g. We recalculated the number of grams that a child ate of 
the jelly candy, milk chocolate candy shells, bananas, and apples, in kilocalories for use as 
independent measures in the current study. The amount of energy-dense snack food that a 
child ate is the sum of the kilocalorie intake of jelly candy and milk chocolate candy shells, 
and the amount of fruits is the sum of the kilocalorie intake of bananas and apples.  
 
BMI standardized 
BMI was corrected for gender and age, according to international standards (Cole, 
Bellizzi, Flegal, & Dietz, 2000). BMI was measured at T1 and at T2; the difference 
between the two years was also calculated. We standardized the BMI measurements and 
used BMI at T2 and BMI change as dependent variables.  
 
Statistical analyses 
The means and SDs for all variables are presented separately for each condition in Table 1. 
Before testing the hypotheses we calculated Pearson’s correlations between the variables, 
which are shown in Table 2-5. Next, separate linear regression analyses were conducted to 
test the hypotheses with jelly candy intake, milk chocolate candy shells intake, banana 
intake, and apples intake as independent variables. For each condition, two separate linear 
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regression analyses were conducted with 1) BMI T2 standardized as dependent variable and 
2) with BMI change standardized as dependent variable. The results are shown in Table 6. 
The two-sided adjusted p value that was considered significant was 0.05.   
 
Table 1 
Variables measured by the condition
12
 
1 
Mean ± SD (all such values).  
2 
N = 218 
 
 
 
 
 Energy-dense snack (n 
= 57) 
Fruit (n = 54) Nonfood (n = 51) Control (n = 56) 
Sex (= boy) 40.4 % 59.3 % 51 % 55.4 % 
Age (y) 8.9 ± 0.7 9.0 ± 0.7 8.9 ± 0.8 8.8 ± 0.8 
BMI T1 17.9 ± 2.5 17.5 ± 2.9 17.1 ± 1.9 16.7 ± 1.9 
BMI T2 18.9 ± 2.8 18.6 ± 3.2 17.9 ± 2.2 17.8 ± 2.5 
Jelly candy intake (kcal) 83.0 ± 88.2 78.7 ± 75.2 61.2 ± 49.8 41.7 ± 41.3 
Milk chocolate candy 
shells intake (kcal) 
82.1 ± 82.6 74.3 ± 82.2 45.8 ± 63.0 41.1 ± 46.1 
Bananas intake (kcal) 15.7 ± 18.6 18.8 ± 23.2 15.3 ± 20.2 13.0 ± 17.0 
Apples intake (kcal) 17.1 ± 16.1 13.9 ± 14.4 10.4 ± 10.5 11.0 ± 11.7 
Total energy-dense food 
intake (kcal)  
165.1 ± 109.6 153.1 ± 118.1 107.0 ± 86.5 82.8 ± 75.0 
Total fruit intake (kcal) 32.8 ± 26.0 32.7 ± 29.9 25.7 ± 24.7 24.0 ± 23.1 
Total calorie intake (kcal) 197.9 ± 114.3 185.8 ± 119.8 132.7 ± 87.7 106.8 ± 76.7 
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Table 2 
Pearson’s correlations between the mode variables for the children who played the energy-dense advergame1 
1 N= 218 
2 p <0.05 
3 p < 0.01 
 
 
 
 
 
 
 
 
 
 
 
 Sex Age  BMI  T1 BMI T2 BMI  change Jelly candy 
intake (kcal) 
Milk chocolate candy 
shells intake (kcal) 
Bananas intake 
(kcal) 
Apples intake 
(kcal) 
Total energy-
dense snack 
intake (kcal) 
Total fruit 
intake (kcal) 
Sex (boy = 1, girl = 0)            
Age -.16           
BMI T1 .20 .17          
BMI T2 .292 .12 .933         
BMI  change .272 -.10 .03 .403        
Jelly candy intake (kcal) -.393 -.312 .01 -.05 -.14       
Milk chocolate candy 
shells intake (kcal) 
.14 -.12 .02 .03 .04 -.18      
Bananas intake (kcal) -.06 .11 -.10 -.09 .00 -.01 .10     
Apples intake (kcal) -.322 .18 -.292 -.342 -.20 .02 .01 .12    
Total energy-dense snack 
intake (kcal) 
-.21 -.342 .02 -.02 -.09 .673 .613 .07 .03   
Total fruit intake (kcal) -.24 .12 -.25 -.273 -.12 .01 .08 .793 .703 .07  
Total intake (kcal) -.25 -.292 -.04 -.08 -.11 .653 .603 .25 .19 .973 .292 
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Table 3 
Pearson’s correlations between the mode variables for the children who played the fruit advergame1 
1 N= 218 
2 p < 0.05 
3 p < 0.01 
 
 
 
 
 
 
 
 
 Sex Age  BMI T1 BMI T2 BMI  change Jelly candy 
intake (kcal) 
Milk chocolate 
candy shells intake 
(kcal) 
Bananas intake (kcal) Apples intake 
(kcal) 
Total energy-
dense snack 
intake (kcal) 
Total fruit 
intake (kcal) 
Sex (boy = 1, girl = 0)            
Age -.01           
BMI T1 .04 .21          
BMI T2 .01 .22 .913         
BMI  change .15 .06 -.02 .393        
Jelly candy intake (kcal) -.09 .07 .09 -.02 -.24       
Milk chocolate candy 
shells intake (kcal) 
-.06 -.15 .06 .11 .13 .13      
Bananas intake (kcal) .05 .14 -.02 .04 .15 .04 -.14     
Apples intake (kcal) -.02 -.05 .04 .02 -.03 .00 -.05 .22    
Total energy-dense snack 
intake (kcal) 
-.01 -.06 .10 .06 -.06 .723 .783 -.07 -.04   
Total fruit intake (kcal) .03 .08 -.00 .04 .10 .03 -.13 .883 .653 -.07  
Total intake (kcal) -.09 -.03 .10 .07 -.04 .723 .733 .15 .13 .973 .18 
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Table 4 
Pearson’s correlations between the mode variables for the children who played the nonfood advergame1 
1 N= 218 
2 p < .05 
3 p < .01 
 
 
 
 
 
 
 
 
 Sex Age  BMI  
T1 
BMI  T2 BMI  change Jelly candy 
intake (kcal) 
Milk chocolate candy 
shells intake (kcal) 
Bananas 
intake (kcal) 
Apples intake 
(kcal) 
Total energy-
dense snack 
intake (kcal) 
Total fruit 
intake (kcal) 
Sex (boy = 1, girl = 0)            
Age -.07           
BMI  T1 .20 .08          
BMI  T2 .04 .07 .862         
BMI  change -.26 .01 -.02 .502        
Jelly candy intake (kcal) -.19 .08 -.17 -.09 .11       
Milk chocolate candy 
shells intake (kcal) 
-.07 -.05 .07 .05 -.03 .17      
Bananas intake (kcal) .00 -.03 -.06 .00 .10 -.03 -.02     
Apples intake (kcal) .02 .11 .06 -.02 -.15 -.10 -.16 .22    
Total energy-dense snack 
intake (kcal) 
-.16 .01 -.05 -.02 .04 .703 .823 -.03 -.17   
Total fruit intake (kcal) .01 .02 -.02 -.01 .02 -.07 -.08 .912 .612 -.10  
Total intake (kcal) -.15 .02 −.05 -.02 .05 .673 .792 .23 .00 .962 .19 
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Table 5 
Pearson’s correlations between the mode variables for the children who were in the control condition1 
1 N= 218 
2 p < .05 
3 p < .01 
 
 Sex Age  BMI T1 BMI  T2 BMI  
change 
Jelly candy 
intake (kcal) 
Milk chocolate candy 
shells intake (kcal) 
Bananas 
intake (kcal) 
Apples intake 
(kcal) 
Total energy-
dense snack 
intake (kcal) 
Total fruit 
intake (kcal) 
Sex (boy = 1, girl = 0)            
Age -.14           
BMI  T1 .04 .342          
BMI  T2 .11 .25 .683         
BMI  change .10 -.01 .683 .643        
Jelly candy intake (kcal) .03 -.20 -.01 -.05 -.06       
Milk chocolate candy shells 
intake (kcal) 
-.272 -.22 .00 -.03 -.04 .473      
Bananas intake (kcal) -.02 .262 .13 .11 .01 -.21 .08     
Apples intake (kcal) .04 .14 .10 -.02 -.14 -.12 .02 .272    
Total energy-dense snack 
intake (kcal) 
-.15 -.25 .00 -.05 -.06 .843 .873 -.07 -.06   
Total fruit intake (kcal) .01 .27 .15 .07 -.06 -.22 .07 .873 .713 -.08  
Total intake (kcal) -.14 -.16 .40 -.02 -.08 .763 .863 .20 .16 .953 .23 
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Results 
The results from the correlational analyses are shown in Table 2-5. For the children who 
played the advergame promoting energy-dense snacks, see Table 2, we found a strong 
positive correlation (r = .93, p < .01) between BMI at T1 and T2. Furthermore, we found a 
negative correlation between apples intake and BMI at T1(r = -.29, p < .05), between apples 
intake and BMI at T2 (r = -.34, p < .05), and between overall fruit intake and BMI at T2 (r = 
-.21, p < .05). For the children who played the advergame promoting fruit, see Table 3, we 
found a strong positive correlation between BMI at T1 and T2 (r = .91, p < .01) and no other 
significant correlations between food intake and BMI at T1 or T2. For the children who 
played the advergame promoting nonfood products, we found a strong positive correlation 
between BMI at T1 and T2 (r = .86, p < .01). For the children who played no game at all, we 
found a strong positive correlation between BMI at T1 and T2 (r = .68 p < .01). No 
significant correlations were found between food intake and BMI change, probably because 
BMI at T1 and T2 intercorrelated highly in general (r = .87).  
Then, linear regression analyses were conducted. The first linear regression analyses 
were conducted for each condition separately with BMI at T2 as dependent variable, with 
two different models, as is shown in Table 6. Because BMI at T1 was highly correlated with 
BMI at T2 for all children in general, we decided to run a model without BMI at T1 and a 
model with BMI at T1. As Model 1 shows, for the children who played the advergame 
promoting energy-dense snacks, F(4, 52) = 1.750, p = .15, R2 = .12, we found no effect in 
Model 1 on BMI at T2 for the amount of jelly candy (β =  .03, P = .79), milk chocolate 
nutshells (β = - .04, p = .82), and bananas intake (β= -.05,  p = .68), yet a significant effect of 
apples intake, β = -.33,  t(51) = - 2.52, p = .01. For the children who played the advergame 
promoting fruit, F (4, 49) = 0.198, p = .94, R2 = .02, the advergame promoting nonfood 
products, F (4, 46) = 0.161, p = .80, R2 = .01, and the control condition, F (4, 49) = 0.198, p 
= .43, R2 = .02, we found no significant effects for the food intake on BMI at T2. Model 2 
shows that for the children who played the advergame promoting energy-dense snacks, F (5, 
51) = 66.915, p = .00, R2 = .02, we found a significant effect of BMI at T1 on BMI at T2, β 
= .87,  t(56) = 16.995, p = .00, but no significant effects for the food intake on BMI at T2. 
For the children who played the advergame promoting fruit, F (5, 48) = 12.391, p = .00, R2 = 
.85, we found a significant effect of BMI at T1 on BMI at T2, β = .88,  t(53) = 16.493, p = 
.00, but no significant effects for the food intake on BMI at T2. For the children who played 
83 
 
 
 
the advergame promoting nonfood products, F (5, 50) = 27.506, p = .00, R2 =.75, we found a 
significant effect of BMI at T1 on BMI at T2, β = .90,  t(50) = 11.620, p = .00, but no 
significant effects for the food intake on BMI at T2. For the children who were in the control 
condition, F (5, 55) = 8.817, p= .00, R2 =.47, we found a significant effect of BMI at T1 on 
BMI at T2, β = .77,  t(55) = 6.528, p = .00, but no significant effects for the food intake on 
BMI at T2. 
 The second linear regression analyses were conducted with BMI change as 
dependent variable, with two different models, as is shown in Table 6. We found no 
significant effects in Model 1 for the food intake on BMI change, for the children who 
played the advergame promoting energy-dense snacks, F (4, 52) = 0.813, p = .29, R2 = .06, 
the advergame promoting fruit, F (4, 49) = 1.687, p = .62, R2 = .12, the advergame 
promoting nonfood products, F (4, 46) = 0.666, p = .49, R2 = .06, nor the control condition, 
F (4, 51) = 0.327, p = .42, R2 = .03. Furthermore, we found no significant effects in Model 2 
for the food intake and for BMI at T1 on BMI change, for the children who played the 
advergame promoting energy-dense snacks, F (5, 51) = 0.647, p = .67, R2 = .06, the 
advergame promoting fruit, F (5, 48) = 1.322, p = .27, R2 = 0.12, the advergame promoting 
nonfood products, F (5, 50) = 0.527, p = .75, R2 = .06, nor the control condition, F (5, 50) = 
0.435, p = .82, R2 = .04. 
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Table 6 
Linear regression analyses with BMI T2 and BMI change
1
 
1 N= 218 
2 p < .05 
3 p < .01 
 Energy-dense advergame Fruit advergame Nonfood game Control 
 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 
 BMI 
T2 
BMI 
change 
BMI 
T2 
BMI 
change 
BMI 
T2 
BMI  
change 
BMI 
T2 
BMI  
change 
BMI 
T2 
BMI  
change 
BMI 
T2 
BMI  
change 
BMI 
T2 
BMI  
change 
BMI 
T2 
BMI  
change 
Jelly candy 
intake (kcal) 
-.04 
(.00)
 
-.13 
(.00) 
-.00 
(.00) 
-.00 
(.00) 
-.04 
(.00) 
-.27 
(.00) 
-.00 
(.00) 
-.00 
(.00) 
-.11 
(.00) 
.11 
(.00) 
.00 
(.00) 
.00 
(.00) 
-.02 
(.00) 
-.07 
(.00) 
-.00 
(.00) 
-.00 
(.01) 
Milk chocolate 
candy shells 
intake (kcal) 
.03 
(.00) 
.01 
(.00) 
.00 
(.00) 
.00 
(.00) 
.12 
(.00)
 
.19 
(.00) 
.00 
(.00) 
.00 
(.00) 
.06 
(.00) 
-.07 
(.00) 
.00 
(.00) 
-.00 
(.00) 
-.02 
(.00) 
-.07 
(.00) 
.00 
(.00) 
.01 
(.00) 
Bananas intake 
(kcal) 
-.05 
(.01)
 
.02 
(.01) 
.00 
(.00) 
.00 
(.01) 
.05 
(.01) 
.20 
(.00) 
.00 
(.00) 
.01 
(.01) 
.04 
(.01) 
.14 
(.01) 
.00 
(.00) 
.01 
(.01) 
.11 
(.01) 
.03 
(.01) 
-.01 
(.01) 
.00 
(.01) 
Apples intake 
(kcal) 
-.33
3 
(.01) 
-.20 
(.01)
 
-.01 
(.00) 
-.01 
(.01) 
.02 
(.01) 
-.07 
(.00) 
-.00 
(.00) 
-.00 
(.01) 
-.03 
(.01) 
-.18 
(.01) 
-.01 
(.01) 
-.01 
(.01) 
-.06 
(.01) 
-.15 
(.01) 
.00 
(.01) 
-.02 
(.02) 
BMI T1   .87
3
 
(.05) 
-.02 
(.10) 
  .88
3
 
(.05) 
.01 
(.01) 
  .90
3
 
(.08) 
.03 
(.15) 
  .77
3
 
(.12) 
-.22 
(.23) 
Effect size (R
2
) .12 .06 .86 .06 .02  .12 .84 .12 .01 .06 .73 .06 .02 .03 .42 .04 
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Discussion 
The main aim of this study was to examine if food choices after exposure to a food 
advertisements influenced weight status two years later. At T1, children played an 
advergame with different conditions and could eat ad libitum after playing, and their BMI 
was measured. At T2, two years later, BMI of the same children was assessed again. 
Hypotheses were tested with separate hierarchical regression analyses within conditions. 
The results showed that the intake of (both of) the energy-dense snack foods was not 
related to BMI at T2 or to BMI change, in all four conditions. These findings refute H1 and 
H1a. Furthermore, we found that apples intake was negatively related to BMI at T2, but only 
for the children who played the energy-dense advergame and when BMI at T1 was not 
included. Apple intake was not significantly related to BMI change. For bananas intake we 
found no relationship with the BMI measurements. These findings refute H2 and support 
H2a partly.  
Interestingly, when food cues of energy-dense snacks induced craving for food, those 
children who chose to fulfill this craving with eating a healthier option—that is, apples--had 
a lower BMI two years later. We found this effect only for the children who played the 
advergame promoting energy-dense snacks, and not for the children in the other conditions. 
Furthermore, including BMI at T1 in our analyses as a covariate resulted in finding no 
effects of food choices on BMI at T2. A possible explanation for these results is that apples 
intake was already correlated with BMI at T1, and BMI at T1 and T2 were also highly 
correlated. It seems that children with a lower BMI have a coping mechanism to choose 
healthier options after they have played an advergame promoting energy-dense snacks that 
triggers eating behavior. Furthermore, we found no effect of bananas intake on BMI at T2 or 
BMI change, probably because young (Dutch) children prefer apples over other fruits 
(RIVM, 2012). In other words, if children are craving for food that is induced by food 
advertisements, and subsequently want to choose a healthy option over the palatable snacks, 
they will choose more often for the fruit they prefer, in this case apples. 
The results suggest that it might be beneficial to stimulate children to consume 
healthy snacks, instead of energy-dense snacks, when food-related cues in advertisements 
induce craving for the advertised food. Apples consumption when craving for food can affect 
body weight successfully, because apples are high in water and fiber and low in energy-
density, and still hunger to a larger extent than energy-dense snacks (Brownell & Gold, 
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2013). In contrast, consuming energy-dense snacks activates brain activity in the reward 
system and stimulates overeating, instead of fulfilling craving (Erlanson-Albertsson, 2005; 
Stice, Spoor, Bohon, Veldhuizen, & Small, 2009; Volkow, Wang, & Baler, 2011). Total 
caloric intake is lower after children consumed fruits instead of candy, because candy has a 
higher energy-density and fulfills craving less than fruits (Brownell & Gold, 2013), resulting 
in a lower BMI over time. Therefore, it may be a better strategy to teach children to consume 
healthy food, like fruit and vegetables, instead of avoiding palatable foods when craving for 
food has been induced by a food advertisement. 
Substituting energy-dense snacks, like candy, for fruits, has been shown to be an 
effective weight-management strategy in short-term clinical studies (Rolls, Ello-Martin, & 
Tohill, 2004). Furthermore, in families where parents were encouraged to increase fruit and 
vegetable intake, significant decreases were shown in the percentage of overweight among 
both parents and children (Epstein et al., 2012). Most dietary approaches for obesity 
prevention attempt to limit intake of energy-dense foods, but this might be perceived as an 
unwanted restriction for children who find these foods rewarding (Epstein et al., 2012). 
Because the feeling that they are restricted can lead to increases in preference for these foods 
(Fisher & Birch, 1999), it might be more beneficial to teach children to consume healthy 
high-nutrient dense foods when they feel craving for food (Domel et al., 1993) 
Furthermore, the results showed that the amount of energy-dense snacks that children 
consumed after playing one of the advergames or no game at all did not predict BMI at T2 or 
BMI change. Similarly, the cue-reactivity to the food cues in the advergame promoting 
energy-dense snacks, measured as the amount of snack food eaten after playing the game, 
did not predict BMI at T2 or BMI change. Previous studies have shown that food choices for 
energy-dense snacks over time do increase weight status (Jansen et al., 2003; Lowry et al., 
2002), but this study did not find this effect. An explanation could be that normal weight 
children who ate more from the energy-dense snacks compensated for this intake afterwards 
by reducing their normal intake, while overweight children did not. We did not measure 
snack intake after the experiment, but other studies have shown that food reward sensitivity 
and inhibitory control are important predictors of palatable food intake in adults and weight 
gain over time (Appelhans et al., 2012; Hare, Malmaud, & Rangel, 2011; Nederkoorn, 
Houben, Hofmann, Roefs, & Jansen, 2010). For example, scholars (Nederkoorn et al., 2010) 
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have shown that adults with strong implicit preferences for snack foods and low inhibitory 
capacity gained the most weight in one year.   
Another possible explanation for this null-finding is that almost 95% of the children 
consumed energy-dense snacks after playing the energy-dense game, and children consumed 
on average approximately the same amount of energy-dense snacks within conditions, 
creating a small level of variation for energy-dense intake. In addition, BMI at T1 and T2 
were also highly correlated. Measuring BMI after a longer period, for example five years, 
would lead to more variation in BMI, and possibly to detectable changes.   
The first strength of this study is that it is the first to examine the relation between 
children's susceptibility to food advertisements and their weight status two years later. 
Leading experts agree that food marketing is a major contributor to the worldwide childhood 
obesity epidemic (WHO, 2009), but the question still exists how food advertising exactly 
affects obesity. This study suggests that teaching children to consume healthier food, like 
apples, when impulsive reactions to food cues lead to craving for food, might help in 
establishing or maintaining a low BMI. Second, testing the large number of children who 
participated in both studies can be considered as a considerably representative group to 
examine the effects of individual susceptibility to food advertisements and the development 
of BMI status over two years.  
One limitation of this study is that we only tested food choices at one moment. If we 
would have tested food choices of the children with a repeated measures design, we would 
possibly have had a more profound insight of the cue-reactivity of the children and might 
have been a better prediction for future weight status. A second limitation is that we 
measured BMI already after two years. Measuring BMI at a later stage, for example five 
years later, would provide us with a more valid estimation of the relationship between food 
cue-reactivity after a food  advertisement and future weight status. 
Further research is required to unravel the effect of food choices on BMI after being 
primed by food advertisements to eat energy-dense snacks, especially because childhood 
obesity remains a major health concern worldwide and food companies continue to improve 
their marketing strategies to effectively persuade children. The accumulation of food 
advertisements might be a major contributor to the obesity rates, but long-term effects of 
food advertising have not been examined intensively.   
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Abstract 
Background and Objectives: Previous studies have focused on the effect of food 
advertisements on the caloric intake of children. However, the role of individual 
susceptibility in this effect is unclear. The aim of this study was to examine the role of 
impulsivity in the effect of advergames that promote energy-dense snacks on children’s 
snack intake. 
Methods: First, impulsivity scores were assessed with a computer task. Then, a 
randomized between-subject design was conducted with 261 children (age: 7–10 y) who 
played an advergame promoting either energy-dense snacks or nonfood products. As an 
extra manipulation, half of the children in each condition were rewarded for refraining 
from eating, the other half were not. Children could eat freely while playing the game. 
Food intake was measured. The children then completed questionnaire measures, and 
were weighed and measured. 
Results: Overall, playing an advergame containing food cues increased general caloric 
intake. Furthermore, rewarding children to refrain from eating decreased their caloric 
intake. Finally, rewarding impulsive children to refrain from eating had no influence when 
they were playing an advergame promoting energy-dense snacks, while it did lead to 
reduced intake among low impulsive children and children who played nonfood 
advergames. 
Conclusions: Playing an advergame promoting energy-dense snacks contributes to 
increased caloric intake in children. The advergame promoting energy-dense snacks 
overruled the inhibition task to refrain from eating among impulsive children, making it 
more difficult for them to refrain from eating. The findings suggest that impulsivity plays 
an important role in susceptibility to food advertisements. 
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Introduction 
Rates of childhood obesity have increased greatly in the past three decades (Han, Lawler, 
& Kimm, 2010). While the causes of this trend are multifaceted, there is growing 
evidence that food commercials are a major contributor (WHO, 2003). Food consumption 
can be activated by salient environmental cues in an automatic and difficult to control way 
(Cohen, 2008). Content analyses reveal that the majority of food products promoted are 
energy-dense, high in fat, sugar and/or salt, which is in sharp contrast to (inter)national 
dietary guidelines (WHO, 2003).  
Cue reactivity theory states that food cues induce craving for food and actual 
eating behavior due to the presence of sensory inputs associated with past consumption 
(Coelho, Jansen, Roefs, & Nederkoorn, 2009; Jansen,1998). The sight, smell, or thought 
of tasty food induces appetite, and insuﬃcient inhibitory control causes failure in 
inhibition leading to increased food intake (Hofmann, Malte, & Roefs, 2009; Jansen et al., 
2009) Impaired behavioral inhibition (i.e. impulsivity) might make it more difficult for 
children to resist the temptation of energy-dense food (Lawrence, Hinton, Parkinson, & 
Lawrence, 2012; Nederkoorn, Guerrieri, Havermans, Roefs, & Jansen, 2009). Impulsivity 
is generally defined as the tendency to control, think, and plan insufficiently (Solanto et 
al., 2001). Two aspects of impulsivity can be distinguished: insufficient inhibitory 
behavioral control and reward sensitivity or the inability to delay reward (Dougherty, 
Mathias, Marsh, & Jagar, 2005). Being able to control impulsive behaviors can be an 
important explanation for the individual susceptibility to food advertisements, but this has 
not been examined before.   
The objective of this study is to examine the role of impulsivity in the effect of 
advergames promoting energy-dense snacks on children’s snack consumption. 
Advergames are online electronic games that are used to advertise a product or a brand 
(Culp, Bell, & Cassady, 2010; Folkvord, Anschutz, Buijzen, & Valkenburg, 2013; Nairn 
& Hang, 2013). Online games provide a highly involving, interactive and entertaining 
brand experience (Culp et al., 2010). We hypothesize that (H1) playing advergames 
promoting energy-dense snacks increases caloric intake, (H2a) stimulating response 
inhibition by rewarding refraining from eating decreases caloric intake, and (H2b) 
children who are rewarded for refraining from eating have a lower caloric intake when 
they play a nonfood advergame than when they play a food advergame. We also expect 
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that (H3) impulsive children eat more. Specifically, we expect (H4) that rewarding 
refraining will have less influence on high impulsive children, especially when they are 
playing a food advergame.  
 
Methods 
Study Design 
We used a factorial between subject design: 2 (type of advergame: energy-dense snacks 
vs. nonfood products) x2 (inhibition task: reward to refrain from eating vs. no reward) x2 
(impulsivity: high vs. low). The dependent variable was caloric intake. While playing, two 
bowls of energy-dense snacks were presented; (1) jelly candy (cola bottles) and (2) milk 
chocolate candy shells. The jelly candy were identical to one of the food products shown 
in the advergame promoting energy-dense snacks.     
 We counterbalanced and randomly assigned children to 1 of 4 conditions, which 
involved playing (1) the energy-dense snacks advergame (i.e., promoting a popular candy 
brand and 8 different sweets from this candy brand) without the inhibition task; (2) the 
energy-dense snacks advergame with the inhibition task; (3) the nonfood advergame (i.e., 
promoting a popular Dutch toy brand and 8 individual toys from this brand) without the 
inhibition task; (4) the nonfood advergame with the inhibition task. All games were 
identical, except for the advertised brands and products. The game involved an online 
memory game with 16 cards, whereby brand name and logos appeared on the back of the 
cards, and the individual products appeared on the front. These products clearly displayed 
the brand logos. For the candy products we used high quality images of gummy 
colabottles, bananas, cherries, frogs, liquorice, and other gummy and jelly sweets. For the 
toys we used images of a trampoline, keyboard, basketball, teddy bear, drum kit, and other 
toys from this brand. Cards were laid out in a grid face down. On each turn, the child 
turned one card over, then a second. If the two cards matched, they remained open. If they 
did not match, the cards were turned back over and the child got another turn. The goal 
was to match the pairs of cards. When cards were turned over, it was important to 
remember where they were for when the matching card turned up later in the game. To 
enhance awareness of the brand, we showed it on the right side of the screen. To immerse 
the children into the game by exerting time pressure with a digital timer top-left of the 
screen and a time bar top center of the screen. Furthermore, the game played an 
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unpleasant sound when a child selected a false pair and a pleasant sound with a correct 
pair. The experimenter left the room every time the children played the advergame. 
 
Measures  
Impulsivity 
Impulsivity is a multifaceted construct, in which roughly two aspects can be 
distinguished: reward sensitivity and insufficient inhibitory behavioral control (Guerrieri, 
Nederkoorn, & Jansen, 2008). To measure impulsivity we used the Door opening task, 
which has been specially developed to measure reward sensitivity in young individuals, 
differentiating between normal children and children with impulsive disorders like 
attention deficit hyperactivity disorder and conduct disorder (Daugherty & Quay, 1991; 
Matthys, Van Goozen, de Vries, Cohen-Kettenis, & Van Engeland, 1998; Nederkoorn, 
Braet, van Eijs, Tanghe, & Jansen, 2006; Shapiro, Quay, Hogan, & Schwartz, 1988). The 
experimenter told the child that the aim of the task was to earn as many points as possible. 
When the child opened a door revealing a yellow smiley face the child received a point, 
but when the door revealed a blue sad smiley face, the child lost a point. In total, there 
were 90 doors to open. The tasks started with a 90% chance of winning, which decreased 
with 10% after every 10 doors. The chance was therefore 50% after 40 doors, being the 
most profitable moment to stop the game. Children who opened more than 40 doors were 
considered as highly impulsive. Since the child’s aim was to earn as many points as 
possible, he or she should quit opening doors once the probability of a winning door 
dropped below 50%. When children continued the game, the chances of losing increased 
and winning decreased. If the child keeps opening doors in search for reward in spite of 
punishment, the reward system is considered dominant (Nederkoorn et al., 2006). 
 
BMI 
We calculated BMI, measured as weight (kg)/height2 (m). We measured weight to the 
nearest 0.1 kg and height to the nearest 0.5 cm, while the children were wearing clothing 
but no shoes. We calculated whether the children were underweight, normal weight, 
overweight, or obese using international cut-off scores (Cole, Bellizzi, Flegal, & Dietz, 
2000).  
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Caloric intake 
We weighed the amount of snack food that a child ate before each child entered the room and 
again after eating. We used a professional balance scale to estimate to the nearest 0.1 g. We 
calculated the number of grams that a child ate in kilocalories for use as a dependent 
measure. The amount of energy-dense snack food that a child ate was the sum of the caloric 
intake of jelly candy and milk chocolate candy.  
 
Hunger 
We controlled for individual differences in hunger by presenting the children with a visual 
analogue scale (VAS; 14 cm) measuring the extent to which they felt hungry before the 
experiment began. The anchors were “not hungry at all” and “very hungry.” VAS’s have 
been used successfully and extensively to assess subjective appetite sensations, like 
hunger, prospective food consumption and fullness in children (Dodd, Welsman, & 
Armstrong, 2008; Folkvord et al., 2013; Moore, Dodd, Welsman, & Armstrong, 2004; 
Rumbold, Dodd-Reynolds, & Stevenson, 2013). Furthermore, VAS was compared with 
Likert scale measurements among children and found to be of comparable reliability (Van 
Laerhoven, Van der Zaag-Loonen, & Derkx, 2004).  
Attitude toward brand and foods shown in the advergames were assessed with 6 
items (nice, stupid, tasteful, untasteful, cool, boring) on a VAS-scale. This measurement 
has been established by Holbrook and Batra (1987), and tested extensively among (young) 
children (Folkvord et al., 2013; Panic, Cauberghe, & de Pelsmacker, 2013). At the end of 
the experiment, we asked the children to indicate the goal of the research, but no child 
gave the correct answer. 
 
Subjects 
Subjects were 266 children (grades 2-3) from 5 primary schools in the Netherlands. We 
obtained approval from the institute’s ethical committee for social sciences and obtained 
informed consent from the schools and parents. More than 93% of the children were 
allowed to participate. Data collection occurred between January 2013 and March 2013. 
The experimenter brought 1 child to a separate classroom containing a computer where 
they started with an online questionnaire to asses sex, age, and pre-experimental hunger. 
Subsequently, the child conducted the door-opening task and after this task played one 
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version of the advergames. The child was instructed that (s)he would be playing a 
memory game for 5 minutes and should attempt to finish as many games as possible, 
which were unlimited. Then the experimenter placed the bowls with food and a glass of 
water at the same table as the computer. The experimenter told the children without the 
inhibition task that (s)he could eat as much as (s)he wanted, and the children with the 
inhibition task that (s)he could eat as much as (s)he wanted but that if (s)he would eat 
nothing (s)he would get a reward afterwards. Further instructions stated that after each 
game, the time bar would stop, and the score would appear; then, the time would continue 
when the new game started. The child signaled the experimenter when the game stopped 
after 5 minutes. To give the children an opportunity to snack the children had a small 
break of 30 seconds after two finished games before they could start the next game. 
Subsequently, the second part of the questionnaire was filled out and length and height 
were measured. The experimenter asked all children to refrain from discussing the 
experiment with their classmates. After all children had finished participation, they were 
allowed to choose a pencil as reward. The children did not receive the reward immediately 
after the experiment and all children got the reward. After each session, the experimenter 
weighed the bowls to calculate caloric intake and refilled them before the next child 
entered.  
 
Statistical Analysis 
Randomization checks using a 1-factor ANOVA were conducted for sex, hunger, age, 
BMI, impulsivity, and kcal energy intake (Table 1). Outlying scores on caloric intake 
were examined by computing residual scores and testing them for Mahal’s distance, 
Cook’s distance, and leverage scores, showing no indications for outlying scores. The 
main effects of type of advergame, impulsivity, and inhibition task were tested with 
ANCOVA. An additional ANCOVA tested the interaction effects between type of 
advergame, inhibition task, and impulsivity. Bonferroni-corrected post hoc test were used 
to examine the differences between the experimental conditions. We calculated effect 
sizes for Cohen’s f and Cohen’s d. 
 
 
102 
Table 1 
Variables measured, by condition
1
 
 Energy-dense snack 
without inhibition 
task (n = 69) 
Energy-dense snack 
with inhibition task 
(n = 65) 
Nonfood without  
inhibition task               
(n = 62) 
Nonfood with 
inhibition task                  
(n = 65) 
Sex (boy=1, girl=0) 0.55 (0.5) 0.43 (0.5) 0.47 (0.5) 0.54 (0.5) 
Hunger on VAS 
(cm) 
2.8 (3.6) 3.7 (3.9) 3.6 (4.5)  3.2 (4.0) 
Age (y) 7.8 (0.8) 7.8 (0.7) 7.7 ( 0.7) 7.6 (0.7) 
BMI, corrected 
(kg/m
2
) 
1.25 (0.4) 1.29 (0.5) 1.16 (0.4) 1.29 (0.5) 
Impulsivity 39.3 (28.9) 38.8 (26.2) 36.9 (28.5) 36.9 (25.5) 
Total energy intake 
(kcal) 
156.3 (135.2)  87.3 (114.3) 101.3 (74.1) 33.2 (74.4) 
 
Results 
Descriptives 
The final sample consisted of 261 children, 50.2% boys. We excluded 5 children from the 
analyses because they had not finished the session (n =3) or teachers had interrupted (n 
=2). In our sample, 3.8% of children were underweight, 71.3% normal weight, 18.4% 
overweight, and 6.5% obese.  
We found no differences between the experimental conditions for sex, hunger, 
BMI, age, and impulsivity. Brand recognition and attitudes toward the game, striving for 
the reward, and how much they wanted the reward did not differ between the type of 
advergame.  
 
Main Analyses 
Results confirmed our first hypothesis H1 showing a significant effect of type of 
advergame on caloric intake (p < .01), see Table 2. Children who played an advergame 
promoting energy-dense snacks ate significantly more (p < .01) than children who played 
an advergame promoting nonfood products. Children who were hungrier ate more (p < 
.05). Hypothesis H2a was also confirmed, showing a significant effect of the inhibition 
task on caloric intake (p < .01). Children who played one of the advergames without the 
inhibition task ate more than the children who played an advergame with the inhibition 
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task. The post hoc results confirmed H2b, showing that children who played the 
advergame promoting energy-dense snacks with the inhibition task ate significantly more 
(p < .01) than the children who played the nonfood advergame with the inhibition task. 
Furthermore, we found that children who played the advergame promoting energy-dense 
snacks with the inhibition task had a lower caloric intake (p < .01) compared to children 
who played the advergame promoting energy-dense snacks without the inhibition task. 
Children who played the advergame promoting nonfood products with the inhibition task 
ate less (p < .01) then children who played the nonfood advergame without the inhibition 
task. In contrast with H3, which stated that impulsive children would eat more (H3), we 
found no effect for impulsivity (p > .05). 
Finally, we expected (H4) that rewarding refraining would have less influence on 
high impulsive children, particularly when they were playing an advergame promoting 
energy-dense snacks. Results showed that the three-way interaction was significant (p < 
.05), shown in Table 2. Bonferroni corrected post hoc test (Table 3) showed that there was 
no difference for general caloric intake (p > .05) between the high impulsive children who 
played the advergame promoting energy-dense snacks with the inhibition task compared 
to the children without the inhibition task. In contrast, results showed that impulsive 
children who played the advergame promoting nonfood products with the inhibition task 
had a significantly lower caloric intake (p < .05) than those without the inhibition task. 
Low impulsive children who played the advergame promoting energy-dense snacks with 
the inhibition task had a significant lower caloric intake (p < .01) than those without the 
inhibition task. Final, low impulsive children who played the advergame promoting 
nonfood products with the inhibition task had a lower caloric intake (p < .01) than the 
children who did not have this inhibition task.  
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Table 2 
Results from two univariate analyses of covariance with total energy intake as a dependent variable
1 
 Total energy intake (kcal) Total energy intake (kcal) 
Sex (boy=1, girl=0) F (1, 252) = 2.043 F (1, 248) = 1.369 
Hunger on VAS
4
 (cm) F (1, 252) = 5.046
3
 F (1, 248) = 4.375
3 
Age (y) F (1, 252) = 1.310 F (1, 248) = 1.862 
BMI, corrected (kg/m
2
) F (1, 252) = 0.786 F (1, 248) = 0.510 
Advergames F (1, 252) = 18.541
2
 F (1, 248) = 16.162
2 
Inhibition Task F (1, 252) = 31.325
2
 F (1, 248) = 26.439 
2
 
Impulsivity F (1, 252) = 2.704 F (1, 248) = 2.206 
Advergame*Inhibition Task  F (1, 248) = 0.017 
Advergames*Impulsivity  F (1, 248) = 2.717 
Inhibition Task*Impulsivity  F (1, 248) = 5.932
3
 
Advergames*Inhibition Task*Impulsivity  F (1, 248) = 4.364
3
 
Effect size
5 
.18 .22 
Explained variance (%) 17.9 21.1  
1
 n = 261 
2
 p < .01 
3 
p < .05
 
4 
VAS, visual analog scale. 
5 Cohen’s f. 
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Table 3 
Adjusted means and SDs of food intake (in kcal) controlled for sex, hunger, and age, by condition and impulsivity
1 
 Low impulsivity
10 
 High impulsivity
11 
 
 No Inhibition Task With Inhibition Task  No Inhibition Task With Inhibition Task  
Advergame promoting 
energy-dense snack 
203.0
a
 ± 16.4
2 
76.7
b
 ± 16.0
3 
p < .001 104.6
a
 ± 18.1
6 
94.6
b
 ± 19.9
7 
p > .05 
Advergame promoting 
nonfood products 
101.9
c
 ± 15.9
4 
32.4
d
 ± 15.5
5 
p < .001 99.4
c
 ± 21.4
8 
39.2
d
 ± 21.0
9 
p < .05 
1
 n = 261 
2
 n = 37 
3 
n = 39
 
4
 n = 40
 
5
 n = 42
 
6
 n = 31
 
7
 n = 26
 
8
 n = 23
 
9
 n = 23
 
10 
ANOVA post hoc pairwise comparisons (Bonferroni) with food intake as the dependent variable showed significant differences between a and b (p < 
.001, Cohen’s d = 0.97), and between c and d (p < .001, Cohen’s d = 0.91).  
11 
ANOVA post hoc pairwise comparisons (Bonferroni) with food intake as the dependent variable showed no significant differences between a and b (p > .05,), and showed a 
significant difference between between c and d (p < .05, Cohen’s d = 0.81).  
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Discussion 
This is the first study examining the role of impulsivity in the effect of food 
advertisements on actual snack intake among young children. We found that food cues in 
advergames triggered eating behavior and that rewarding children to refrain from eating 
decreased caloric intake in both types of advergames, thereby supporting hypotheses 1 
and 2a. From the children who were rewarded, children who played the food advergame 
ate more than the children who played the nonfood advergame, confirming hypothesis 2b. 
Impulsive children did not eat more than less impulsive children, which refutes hypothesis 
3. Finally, we found that rewarding children to refrain from eating had less influence on 
high impulsive children than on low impulsive children, especially when they were 
playing an advergame promoting energy-dense snacks, supporting hypothesis 4. These 
findings imply that impulsive children have difficulties to self-regulate their caloric intake 
during a food advertisement when they are rewarded to refrain from eating, but not when 
they are facing a nonfood advertisement. Furthermore, we found that less impulsive 
children had a lower caloric intake when they were rewarded to refrain from eating in 
both type of advergames. These latter findings mark the individual susceptibility to food 
advertising, which is a very interesting insight. 
Cue reactivity theory states that food-related cues (e.g., the sight or smell of food) 
act as conditioned stimuli that trigger conditioned responses, like craving and actual 
eating behavior (Coelho et al., 2009). This may mean that exposure to food-related cues 
results in cephalic phase responses and strong desires to eat, preparing children for food 
intake. Increased impulsivity might make it more difficult for children to resist the 
temptation of energy-dense food when craving for food is elicited by food commercials. 
This reasoning is in line with our hypotheses and earlier findings (e.g. Francis & Susman, 
2009; Jasinska et al., 2012; Nederkoorn et al., 2009). A remarkable finding was that low 
impulsive children playing the energy-dense advergame ate more than high impulsive 
children playing the same game when they were not asked to refrain from eating. A 
possible explanation is that conducting subsequent tasks may have led to a state of ego 
depletion. The high impulsive children did not inhibit their responses during the 
impulsivity task to the same extent as the low impulsive children. The latter were more 
successful in inhibiting their responses during the impulsivity task. Consequently, after 
  107 
 
 
successfully controlling reward sensitivity during the impulsivity task, a decrease in self-
control could have occurred among the low impulsive children (Baumeister, 2002). 
Besides the large sample size, a strength of this study is its high external validity as 
the advergames used are identical or comparable to advergames used by many (food) 
companies. Advergames are interactive entertainment, which makes it more difficult for 
children to recognize commercial message in the game. Because cognitive capacity is 
directed to playing the game, there is not enough capacity to think critically about the 
purpose of the game (Rozendaal, Lapierre, Van Reijmersdal, & Buijzen, 2011). Moreover, 
we were able to test a large number of children and we successfully manipulated response 
inhibition so that we could conduct adequate analyses to examine the role of self-
regulation when stimulated to inhibit responses during a food commercial.  
 
Conclusion 
This study showed that exposure to food cues in advergames influences caloric intake and 
that these food cues hamper self-regulation when young children are rewarded to refrain 
from eating. Children who played the advergame promoting energy-dense snacks did not 
report less motivation to self-regulate response inhibition, so an explanation could be that 
the food cues in the advergame signalled food intake which led to failures in self-
regulation of snack intake. Furthermore, impulsive children showed more difficulties to 
refrain from eating while playing an advergame promoting energy-dense snacks, 
supporting concerns from scholars that food commercials contribute to vulnerable 
children’s snacking (Nairn & Hang, 2012). Future research should focus on whether 
children can be tutored by their parents to self-regulate their snack intake during or after 
advertising exposure. Active advertising-related parenting training children to cope with 
persuasive intentions of food advertisements, can reduce undesired advertising effects 
(Buijzen, 2009). Studies have shown that training self-regulation to control impulses for 
food is successful in learning adolescents and adults to control their food intake after 
temptations and tempting snacks (De Ridder, De Vet, Stok, Adriaanse, & De Wit, 2013; 
Kroese, Adriaanse, Evers, & De Ridder, 2011), so we might expect that children can also 
be trained to self-regulate their snack intake. A final recommendation to parents is 
reducing the availability of snack foods at home.  
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Chapter 5 
The Role of Attentional Bias in the Effect of Food 
Advertising on Actual Food Intake Among Children. 
 
 
 
 
 
 
 
 
 
 
 
This chapter is published as: 
Folkvord, F., Anschütz, D. J., Wiers, R.W., & Buijzen, M. (2015). The role of attentional bias 
in the effect of food advertising on actual food intake among children. Appetite, 84, 251-258. 
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Abstract 
This study examined the potential moderating role of attentional bias (i.e., gaze duration, 
number of fixations, latency of initial fixation) in the effect of advergames promoting 
energy-dense snacks on children’s snack intake. A randomized between-subject design 
was conducted with 92 children who played an advergame that promoted either energy-
dense snacks or nonfood products. Eye movements and reaction times to food and 
nonfood cues were recorded to assess attentional bias during playtime using eye-tracking 
methods. Children could eat freely after playing the game. The results showed that 
playing an advergame containing food cues increased total intake. Furthermore, children 
with a higher gaze duration for the food cues ate more of the advertised snacks. In 
addition, children with a faster latency of initial fixation to the food cues ate more in total 
and ate more of the advertised snacks. The number of fixations on the food cues did not 
increase actual snack intake. Food advertisements are designed to grab attention, and this 
study shows that the extent to which a child's attention is directed to a food cue increases 
the effect of the advertisement. 
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Introduction 
A large body of research shows that young children are susceptible to food advertisements 
(Boyland, Harrold, Kirkham, & Halford, 2012; Folkvord, Anschutz, Buijzen, & 
Valkenburg, 2013; Folkvord, Anschutz, Nederkoorn, Westerik, & Buijzen, 2014; Halford, 
Gillespie, Brown, Pontin, & Dovey, 2004). Most of the food products promoted in 
advertisements are energy-dense, high in fat, sugar and/or salt (WHO, 2009). In particular, 
online digital games that are used to advertise a product or a brand, so called 
‘advergames’, seem to influence food intake among children strongly (Folkvord et al., 
2013; 2014, Harris, Speers, Schwartz, & Brownell, 2011, Nairn & Hang, 2012). These 
online games provide a more highly involving, interactive, and entertaining brand 
experience than conventional media (Nairn & Hang, 2012). As yet, very little is known 
about the determinants of individual susceptibility of children to persuasive food 
messages in the media on consumption behaviour.  
Individual susceptibility to food advertisements among children can possibly be 
explained by the amount of attention that is paid to food-related cues during exposure to 
these advertisements. It is via cognitions (e.g., thinking or learning processes), emotional 
aspects, or external sensory cues (e.g., the sight or smell of food) that the environment 
influences our eating behaviour, influencing the so-called non-homeostatic system of food 
intake (Berthoud, 2006; Cornier, 2011). The incentive sensitization theory suggests that 
through classical conditioning substance-related stimuli elicit the expectancy of substance 
availability, which in turn causes both attentional bias for substance-related stimuli and 
subjective craving (Field & Cox, 2008). During the past two decades, a considerable body 
of evidence has accumulated to suggest that substance use and abuse are characterised by 
biases in the attentional processing of substance-related stimuli.  
Via classical conditioning, a cue that is substance related acquires incentive-
motivational properties and, subsequently, “grabs attention, becomes attractive and 
‘wanted,’ and thus guides behavior to the incentive” (Robinson & Berridge, 1993, p. 261). 
Classical conditioning occurs at a very young age. Therefore, it is important to examine 
the role of attentional bias for food cues in eating behavior among children. The automatic 
and cue-driven nature of this classical conditioning is well supported by literature on 
craving and substance use (Goldstein & Volkow, 2002; Mogg, Field, & Bradley, 2005; 
Palfai & Ostafin, 2003; Tiffany & Carter, 1998) and has recently been applied to eating 
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behaviour. For example, a study by Veenstra and de Jong (2010) demonstrated that 
restrained eaters showed increased automatic approach tendencies towards food. 
Havermans, Giesen, Houben, and Jansen (2011) found that obese men had a pronounced 
approach tendency towards high caloric food, providing additional support for altered 
motivational functioning.  
In a similar vein, Castellanos et al. (2009) found that obese individuals in a satiated 
state had longer gaze durations and preferred orientation towards food images, compared 
to normal weight individuals. The longer duration gazes and preferred attention towards 
food images is generally labelled as ‘attentional bias’ (Field & Cox, 2008). Attentional 
bias theory (Field & Cox, 2008) proposes that when people have an increased motivation 
to receive or avoid a rewarding substance (e.g., food or alcohol), they show increased 
attention towards environmental cues related to that specific substance.  
In this study a randomized between-subject design is used with an advergame 
promoting either energy-dense snacks or nonfood products, to examine the moderating 
role of attentional bias in the effect of food advertising on actual food intake among 
children. Based upon earlier findings, we have multiple reasons to expect this moderating 
effect. First, studies have shown that some children are more susceptible to food 
advertisements than others, for example impulsive (Folkvord et al, 2014) and overweight 
children  (Forman, Halford, Summe, MacDougall, & Keller, 2009; Halford, et al., 2004). 
Second, studies have found that attention to food cues generate greater activation in brain 
areas among children that are associated with food reward processing (Yokum, Ng & 
Stice, 2012), food motivation and general appetitive cues (Holsen et al., 2005), and with 
future weight gain and weight maintenance (Murdaugh et al, 2012). Third, according to 
the incentive sensitization theory (Robinson & Berridge, 1993), salient sensory attributes 
are transformed into incentives by repeated exposure, causing craving and subsequent 
actual eating behavior of energy-dense food. This would imply that an attentional bias for 
food cues during a food advertisement could lead to more craving and, subsequently, to 
higher caloric intake. Until now, no study has examined whether an attentional bias for 
food cues during a food advertisement explains subsequent eating behaviour. The aim of 
this study is to examine the moderating role of attentional bias in the effect of food 
advertising on actual food intake among children.   
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By analogy of other studies (Castellanos et al., 2009; Nijs, Muris, Euser, & 
Franken, 2010), we use an eye-tracker to measure attentional bias by assessing gaze 
duration, number of fixations, and latency of the initial fixation, on commercial food or 
nonfood cues. In general, we expect that children who play the advergame promoting 
energy-dense snacks will eat more afterwards than children who play an advergame 
promoting nonfood products (H1). More specifically, we expect that children with a 
longer gaze duration (H2a), a higher number of fixations (H2b), and a faster latency of the 
initial fixation (H2c) to the food cues will eat more of the energy-dense snacks after 
playing the advergame.  
 
Material and Methods 
Experimental Design and Stimulus Materials 
We used a factorial between-subjects design: 2 (type of advergame: energy-dense snacks 
vs. nonfood products) x 2 (attentional bias: high vs. low), with caloric intake as the 
dependent variable. To manipulate type of advergame we randomly assigned children to 
one of two conditions, playing either (1) the energy-dense snacks advergame (i.e., 
promoting a popular candy brand and different gummy and jelly sweets from this popular 
candy brand; see Figure 1); or (2) the nonfood advergame (i.e., promoting a popular 
Dutch toy brand and individual toys from this brand; see Figure 2). Thus, children played 
either the advergame promoting energy-dense snacks or the advergame promoting 
nonfood products.  
Attentional bias was operationalised as eye movements while playing one of the 
advergames, recorded with a corneal reflection eye tracker (Tobii T120 Eye Tracker, 
Tobii Technology, Danderyd, Sweden). The Tobii eye-tracking system was integrated to a 
17” TFT flat screen monitor on which the stimuli were presented. The apparatus recorded 
gaze data of both eyes at 60 Hz with an average accuracy of 0.5° visual angle. The gaze of 
each child was calibrated prior to testing. We used a nine-point calibration procedure, in 
which an expanding–contracting circle appeared in every position of a screen-wide 3 x 3 
grid of calibration points on a white background. The children were asked to accurately 
fixate the circle. If seven or fewer points were calibrated successfully, the calibration was 
repeated for the missing calibration points; otherwise the experiment commenced. 
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Figure 1. A print screen of the advergame promoting energy-dense snacks. 
 
Figure 2. A print screen of the advergame promoting nonfood products. 
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The area that we specified as food cues or nonfood cues during playtime was 
restricted if both of the participant’s eyes overlapped with the display of the food or 
nonfood cues. The memory game that the children had to play required their attention 
continuously, so every time the children directed their eyes towards one of the nongame 
related cues, it affected their game results. The children were motivated to finish as many 
games as possible, thereby trying to influence their concentration to play the game. 
During playtime, every 16.667 milliseconds the eyetracker measured where the eyes of 
the children were located.  
To assess caloric intake after playing the game, children were presented with two 
bowls of energy-dense snacks: (1) jelly candy (cola bottles) and (2) milk chocolate candy 
shells. The jelly candy cola bottles were identical to one of the food products shown in the 
advergame promoting energy-dense snacks. Children were told that they could eat freely 
from the bowls. 
A professional game designer developed the advergames. All games were 
identical, except for the advertised brands and products that were shown on the side of the 
screen. The game involved a memory game with 16 cards with toys on the backside of the 
cards. The advertised brands (popular candy brand or popular toys brand) were placed on 
the left and the right side of the screen, at random on the upper or lower part of the screen, 
and the individual advertised products (candy or toys) were placed on the opposite side 
(respectively lower or upper part) of the screen. The advertised brand and products were 
not part of the game. We decided to place the advertisement of the brand and the products 
not in the content of the game, because this would make it very difficult to assess 
differences in attention for the advertisement related cues in the games. If we integrated 
the brand and products in the content of the game, every child would have their eyes 
fixated on the advertisement cues for almost 5-full minutes and there would be no 
variation. Therefore, we placed the advertisement of the brands (candy brand or toy 
brand) and products (candy or toys) on both sides of the screen and used toys on the 
memory cards. Similar to regular advergames, we integrated two specific features to 
immerse the children into the game. First, a digital timer appeared on the top-left of the 
screen, and a time bar appeared in the top-centre of the screen to exert time pressure on 
the children. Second, the game played an unpleasant sound when a child selected a false 
pair and a pleasant sound when a child selected a correct pair. 
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Procedure 
The committee for ethical concerns of the Faculty of Social Sciences at the Radboud 
University Nijmegen approved the current study. After obtaining written consent from the 
schools to participate, we sent the parents of the children a letter with detailed information 
regarding the study, and we asked them to inform us if they did not want their child to 
participate in the experiment or if their child was allergic to one of the test foods. Children 
who were allergic to the test food did not participate in the experiment. Around 90% of 
the children were allowed to participate. We emphasized to the parents and the children 
beforehand that all of the data that we collected would remain confidential and that 
children could cease participation at any moment.  
We tested the children individually at their schools during regular school hours. 
The experimenter collected one child at a time from the classroom; the teacher assigned 
the children (in alphabetical order) to the experimenter. The experimenter brought each 
child to a separate classroom or office containing a computer. The children started with an 
online questionnaire for approximately 3 minutes to assess sex, age, class, and pre-
experimental hunger. We masked the question about hunger with questions about their 
perceived levels of energy, fatigue, and arousal. Subsequently, the child was placed 
behind a separate computer to play a version of the advergame and participant’s eyes were 
calibrated and validated. After calibration was successfully conducted, the experimenter 
assigned one of the advergames to the child. Then the experimenter read the instructions 
from the screen, which stated that the child would be playing a memory game for 5 
minutes and should attempt to finish as many games as possible, the number of games 
being unlimited. Children played on average 7 memory games during these 5 minutes. 
The experimenter left the room until the child finished playtime. When the playtime was 
finished, the child signalled the experimenter. The child was placed at a different table and 
the experimenter placed the bowls with food and a glass of water at the table. The 
experimenter explained to the child that (s)he was having a break for 5 minutes and could 
eat and drink something during the break, ad libitum. These methods have been used in 
previous studies (Folkvord et al., 2013; 2014).      
After the break, the experimenter and the child filled out the second part of the 
online questionnaire. The second part of the questionnaire assessed liking of the test food, 
brand and product recognition, attitude to the advergame, frequency of playing similar 
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advergames at home, and attitude to the candy brand. At the end of the session, we asked 
the children to indicate the goal of the research, but no child gave the correct answer. The 
experimenter read the questions and answers aloud, and the children gave their answers to 
the experimenter who wrote the answers in the questionnaire on the computer. When the 
questionnaire was finished, the experimenter measured the height and weight of the 
children to assess body mass index. The children were then accompanied back to their 
classrooms, and the experimenter invited the next child to participate. The experimenter 
requested that all children refrained from discussing the experiment with their classmates. 
After each session, the experimenter weighed the bowls to calculate caloric intake. The 
experimenter refilled and weighed the bowls before the next child entered the room to 
make sure that the children did not notice whether and how much the previous child had 
eaten. 
 
Measures 
Caloric Intake.  
To measure caloric intake after playing the advergame, we allowed the children to eat ad 
libitum. We weighed the amount of snack food that a child ate before each child entered 
the room and weighed again after eating. We used a professional balance scale to estimate 
to the nearest 0.1 gram. Gram intake of each item was recorded and, using nutritional 
information of products, was converted to kcal intake of each item and overall kcal intake 
for use as dependent variables.  
 
Attentional Bias.  
To measure the participants’ attention to food-related or nonfood cues, three dependent 
variables were used: (1) the duration of ﬁxations (i.e. gaze duration), (2) the number of 
ﬁxations on the cues, and (3) the latency of initial ﬁxations on the cues. We only measured 
participants’ attentional bias for either the food related or the nonfood related cues, 
dependent on the condition the participant was assigned to. A participant’s gaze duration 
was deﬁned as the overall amount of time that the participant’s gaze was directed to the 
food or nonfood cues. A participant’s number of ﬁxations was determined by counting the 
total number of times the participant ﬁxated on the food or nonfood cues. A participant’s 
initial ﬁxation was deﬁned as the time of the ﬁrst ﬁxation of the cue after its appearance. 
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The food or nonfood cues remained visible at the screen at the same place throughout the 
game. To compute groups of high versus low attention to the food or nonfood cues we 
used a mean split procedure. 
 
Hunger.  
We controlled for individual differences in hunger by presenting the children with a visual 
analogue scale (VAS; 14 cm) to measure the extent to which they felt hungry before the 
experiment began. We assessed hunger before the children played the game and ate. 
VASs are widely used reliable and valid rating scales for measuring subjective 
experiences related to food intake (King & Hill, 2008; Van Laerhoven, Van der Zaag-
Loonen, Derkx, 2004). The anchors were “not hungry at all” and “very hungry.” We 
masked the question about hunger levels by also assessing energy, fatigue, and arousal.  
 
Analysis strategy 
Randomization checks using a 1-factor ANOVA were conducted for sex, hunger, age, 
liking of the jelly candy, liking of the milk chocolate candy shells, BMI, gaze duration, 
number of fixations, and latency of initial fixation. In Table 1 we present the means and 
standard deviations for the control variables separately for each condition and in Table 2 
we present the means and standard deviations for the attentional bias measurements and 
dependent variables separately for each condition. The Pearson’s correlations between the 
variables in the model are shown in Table 3.  
Our hypotheses were tested with two multivariate analyses of covariance. The first 
analysis tested the main effects of type of advergame, controlled for sex, hunger, and age; 
with dependent variables total intake, jelly candy intake, and milk chocolate candy shells 
intake. The second analysis tested the interaction effects between type of advergame and 
the attentional bias measurements (gaze duration, number of fixations, and latency of the 
initial fixation), controlled for sex, hunger and age, with dependent variables total intake, 
jelly candy intake, and milk chocolate candy shells intake. Post hoc analyses were 
conducted to examine the differences between type of advergames. Because we had to 
correct for multiple comparisons we used Bonferroni correction. We tested our hypotheses 
one-tailed because our expectations were specified in one direction. The adjusted P value 
that was considered significant was .05. We calculated effect sizes Cohen’s d and Cohen’s 
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f2. Cohen’s d was calculated to compare two conditions, Cohen’s f2 effect sizes were 
calculated to assess the effect sizes over the interactions.  
Table 1 
Variables measured, by type of advergame
1 
 Energy-dense snack 
advergame (n = 50) 
Nonfood advergame     
(n = 42) 
Sex (boy) 44 %  48 % 
Hunger on VAS (cm) 3.0 ± 3.5 2.9 ± 4.2 
Age (y) 8.5 ± 1.1 8.3 ± 1.1 
Liking of the jelly candy 10.6 ± 4.1 11.8 ± 2.9 
Liking of the milk chocolate candy shells 11.4 ± 3.4 11.6 ± 3.5 
BMI 17.1 ± 2.5 17.1 ± 2.3 
1
 n = 92 
2
 p < .01 
3 
p < .05 
 
 
Table 2 
Variables measured, by type of advergame
1 
 Energy-dense snack 
advergame (n = 50) 
Nonfood advergame     
(n = 42) 
Gaze duration (ms) 383.7 ± 262.5 428.9 ± 351.0 
Number fixations (ms) 56.2 ± 36.8 65.7 ± 36.2 
Latency (ms) 728.5 ± 1475.0 674.0 ± 1096.5 
Jelly candy intake (kcal)
 
74.3 ± 59.3 57.3 ± 43.1 
Milk chocolate candy shells intake (kcal)
3 
103.8 ± 83.6 75.6 ± 77.3 
Total  intake (kcal)
3 
178.0 ± 99.5  132.9 ± 87.0 
1
 n = 92 
2
 p < .01 
3 
p < .05
 
Results 
Descriptives 
The total sample consisted of 116 children (grades 2, 3, and 4) from 3 primary schools in 
the Netherlands, 44% of the participants were boys. We excluded 15 children from the 
analyses because calibration was not successfully conducted, 5 children because they had 
not finished the session completely, and 4 children because they had outlying scores on 
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total intake (M + 2*SD). The final sample consisted of 92 children. The mean (± SD) age 
of the children in grade 2 (N = 43) was 7.6 ± 0.54 y, in grade 3 (N = 22) was 8.6 ± 0.73 y, 
and in grade 4 (N = 27) was 9.6 ± 0.56 y. In our sample, 6.3% of the children were 
underweight, 75% were normal weight, 16.7% were overweight, and 2.1% were obese 
(weight status classifications calculated following Cole, et al., 2000). The percentage of 
children in our study that were overweight and obese was higher (18.8 %) than the current 
percentage of overweight and obese children in the Netherlands (13.3 %). We assume that 
schools with a higher percentage of children with obesity were more likely to participate 
in our study  because the board was more interested in possible factors explaining energy-
dense snack intake among children. We found no significant differences between the 
experimental conditions for sex, hunger, age, liking of the jelly candy, liking of the milk 
chocolate candy shells, BMI, duration of fixation, number of fixations, and latency, see 
Table 1 and 21.  
Thus, randomization seemed to be successful. We found that sex was significantly 
related to milk chocolate candy shells intake and total intake, see Table 3. The attentional 
bias measurements were correlated with each other. Furthermore, we found that gaze 
duration was significantly related to milk chocolate candy shells intake. Experience with 
playing advergames was negatively correlated with latency of initial fixation (p < .05). 
The association means that the more frequently children played games on the internet, the 
faster they fixated on the brand or product. We found no significant correlations for the 
other variables. Furthermore, correlations between number of games that the children 
played and the attentional bias measurements were not significant (p > .05). Correlations 
between number of games that the children played and the snack intake measurements 
were also not significant (p > .05).  
                                                          
1
 Separate analyses were conducted to examine the effect of the attentional bias measurement for the brand and for the 
products. Furthermore, additional analyses were conducted to examine the effect of the attentional bias measurement on 
recognizing the brands after playing the game. We found no significant differences between brands versus products for gaze 
duration (p > .05) or number of fixations (p > .05). Furthermore, we found no significant differences for the attentional bias 
measurements for the candy brand versus the toy brand, and between the candy products and the toy products (p > .05). So 
children had approximately equal attention for the brands as for the products in both conditions. We found no effect of the 
attentional bias measurements for the brand (p  > .05) or product (p > .05) on the snack intake separately. Next, we found a 
positive and significant correlation between gaze duration and recognizing the candy brand (r = .316, p < .05) and between 
the number of fixations and recognizing the candy brand (r = .347, p < .05).This means that if children had a longer gaze 
duration  and a higher number of fixations they also recognized the candy brand  afterwards more often. For the attentional 
bias measurements in the nonfood advergame we found no significant differences  between the attentional bias measurements 
on recognizing the brand (p > .05). 
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Table 3 
Pearson’s correlations between the mode variables1 
 Sex Hunger Age BMI Experience 
with playing 
advergames 
Liking 
Jelly 
Candy 
Liking milk 
chocolate 
candy shells 
Gaze 
duration 
Number of 
fixations 
Latency Jelly candy 
intake 
Milk chocolate candy 
shells intake 
Sex (boy=1, girl=0)             
Hunger on VAS (cm) -.13            
Age (y) -.213 .19           
BMI .06 -.05 .06          
Experience with playing 
advergames 
-.01 .10 .17 .04         
Liking jelly candy -.01 .16 -.16 -.12 -.15        
Liking milk chocolate candy 
shells 
.15 .17 -.03 .07 -.18 .502       
Gaze duration (ms) -.08 -.04 -.08 .263 .03 -.06 -.01      
Number of fixations (ms) -.08 -.05 .13 .392 .12 .01 -.04 .642     
Latency (ms) .07 -.06 -.03 .03 -.22 -.16 -.05 -.213 -.302    
Jelly candy intake  -.14 .00 .03 -.11 .15 .10 -.13 .04 .13 .00   
Milk chocolate candy shells 
intake 
-.243 .17 -.07 .11 .01 .13 .16 .263 .05 -.13 -.02  
Total intake  -.282 .14 -.08 .04 .09 .17 .06 .20 -.03 -.11 .842 .532 
1
 n = 92 
2
 p < 0.01 
3 
p < 0.05
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We decided to add sex, hunger, and age into our models as covariates because sex 
significantly correlated with the dependent variables, and because other studies have 
shown that hunger and age also influence caloric intake (Folkvord et al., 2013). BMI was 
not included in our models as a covariate because we found no significant correlations 
between BMI and the dependent variables. 
 
Main Analyses 
Results from the first multivariate analysis showed that the effect of type of advergame on 
total intake was significant (p < .05, Cohen’s d = 0.48), shown in Table 4. Children who 
played the advergame promoting energy-dense snacks (M = 178.0 kcal, SD = 99.5 kcal) 
ate significantly more than children who played the advergame promoting nonfood 
products (M = 132.9 kcal, SD = 87.0 kcal). The results showed that the effect of type of 
advergame on jelly candy intake was not significant (p > .05). Furthermore, the results 
showed that the effect of type of advergame on milk chocolate candy shells was 
significant (p < .05, Cohen’s d = 0.35). Children who played the advergame promoting 
energy-dense snacks (M = 103.8 kcal, SD = 83.6 kcal) ate significantly more of the milk 
chocolate candy shells than children who played the advergame promoting nonfood 
products (M = 75.6 kcal, SD = 77.3 kcal). These results confirmed H1. Finally, boys ate 
more than girls, (p < .05, Cohen’s d = 0.59). 
Results from the second multivariate analysis showed that the interaction effects 
between type of advergame and gaze duration (p > .05) and between type of advergame 
and number of fixations (p > .05) on total intake were not significant, see Table 3. 
However, the interaction between type of advergame and latency of initial fixations on 
total intake was significant (p < .05, Cohen’s f2 = 0.06). Post hoc tests revealed that 
among children with a fast latency of initial fixations, the difference of total intake 
between children who played the energy-dense advergame (M = 189.2 kcal, SD = 94.9 
kcal) and children who played the nonfood advergame (M = 131.2 kcal, SD = 79.6 kcal) 
was significant (p < .05, Cohen’s d = 0.66), thereby supporting H2c. Among children with 
a slow latency of initial fixations, the difference of total intake between children who 
played the energy-dense advergame (M = 133.4 kcal, SD = 110.1 kcal) and children who 
played the nonfood advergame (M = 137.9 kcal, SD = 109.4 kcal) was not significant (p > 
.05). Furthermore, we found a significant interaction effect between type of advergame 
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and gaze duration on jelly candy intake (p < .05, Cohen’s f2 = 0.08). Post hoc tests 
revealed that among children with a high gaze duration, the difference of jelly candy 
intake between children who played the energy-dense advergame (M = 87.7 kcal, SD = 
69.6 kcal) and children who played the nonfood advergame (M = 37.4 kcal, SD = 27.2 
kcal) was significant (p < .05, Cohen’s d = 0.96), thereby supporting H2a. Among 
children with a low gaze duration, the difference of jelly candy intake between children 
who played the energy-dense advergame (M = 65.3 kcal, SD = 50.5 kcal) and children 
who played the nonfood advergame (M = 70.8 kcal, SD = 47.0 kcal) was not significant (p 
> .05). We found no interaction effect between type of advergame and number of fixations 
on jelly candy intake (p > .05).  
Furthermore, we found that the interaction between type of advergame and latency 
of initial fixations on jelly candy intake was significant (p < .05, Cohen’s f2 = 0.15). Post 
hoc tests revealed that among children with a fast latency of initial fixations the difference 
of jelly candy intake between children who played the energy-dense advergame (M = 78.9 
kcal, SD = 63.2 kcal) and children who played the nonfood advergame (M = 52.4 kcal, SD 
= 32.7 kcal) was significant (p < .05, Cohen’s d = 0.52), thereby supporting H2c. Among 
children with a slow latency of initial fixations, the difference of jelly candy intake 
between children who played the energy-dense advergame (M = 55.8 kcal, SD = 36.2 
kcal) and children who played the nonfood advergame (M = 77.1 kcal, SD = 64.3 kcal) 
was not significant (p > .05). 
Finally, we found no interaction effects between type of advergame and the 
attentional bias measurements on milk chocolate candy shells intake (p  > .05). Overall, 
the results for the interaction effects partly confirm H2a and H2c, and refute H2b.  
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Table 4 
Results from two multivariate analyses of covariance, with snack intake as dependent variables1
 
 Total intake (kcal) Jelly candy 
intake(kcal) 
 Milk chocolate candy 
shells intake (kcal) 
Total intake (kcal) Jelly candy intake(kcal) Milk chocolate candy 
shells intake (kcal) 
Sex (boy=1, girl=0) F (1,87) = 8.3682 F (1, 87) = 2.020  F (1, 87) = 5.5922 F (1, 81) = 9.2512 F (1, 81) = 2.639 F (1, 81) = 5.9263 
Age (y) F (1,87) = 2.930 F (1, 87) =0.425  F (1, 87) =2.332 F (1, 81) = 3.470 F (1, 81) = 0.564 F (1, 81) = 2.720 
Hunger on VAS4 (cm) F (1,87) = 1.743 F (1, 87) = 0.008  F (1, 87) = 2.495 F (1, 81) = 1.272 F (1, 81) = 0.338 F (1, 81) = 2.794 
Advergames F (1,87) = 5.5722 F (1, 87) = 2.310  F (1, 87) = 2.8433 F (1, 81) = 0.094 F (1, 81) = 0.570 F (1, 81) = 0.446 
Gaze duration     F (1, 81) = 0.504 F (1, 81) = 0.148 F (1, 81) = 0.318 
Number of fixations     F (1, 81) = 0.026 F (1, 81) = 0.616 F (1, 81) = 2.225 
Latency     F (1, 81) = 0.300 F (1, 81) = 0.252 F (1, 81) = 0.091 
Advergames*Gaze duration     F (1, 81) = 0.105 F (1, 81) = 6.7102 F (1, 81) = 1.719 
Advergames*Number of fixations     F (1, 81) = 0.043 F (1, 81) = 0.925 F (1, 81) = 0.150 
Advergames*Latency     F (1, 81) = 3.6853 F (1, 81) = 3.1603 F (1, 81) = 1.097 
Explained variance (%) 13.0 6.0  8.5  12.0 6.8 7.1 
1
 n = 92 
2
 p < .01 
3 
p < .05 
4 
VAS, visual analog scale. 
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Conclusions 
Although many studies have shown that food advertisements induce food intake (Boyland 
& Halford, 2013; Folkvord et al., 2013, 2014), an unresolved issue is the extent to which 
attentional bias for food cues reflects on the susceptibility to food advertisements. This 
study was the first to examine the moderating role of attentional bias in the effect of food 
advertisements on food intake among children. Building on earlier research, the incentive 
sensitization theory (Robinson & Berridge, 2001), and the attentional bias theory (Field & 
Cox, 2008), we expected that children would eat more after playing the energy-dense 
advergame than children playing the nonfood advergame (H1). Furthermore, we expected 
a stronger effect of the food advergame on food intake between children with an 
attentional bias for food cues (H2a, H2b, H2c). 
The results showed that the children who played the advergame promoting energy-
dense snacks ate more in total and of the milk chocolate candy shells than the children 
who played the nonfood advergame, which supports H1 and earlier findings (Folkvord et 
al., 2013). To measure visual attention toward either food or nonfood cues in this study, 
we examined gaze duration, number of fixations, and latency of initial fixation. We found 
an interaction effect for type of advergame and latency of initial fixation on total intake. 
Furthermore, we found an interaction effect for type of advergame and gaze duration on 
jelly candy intake, and for type of advergame and latency of initial fixation on jelly candy 
intake. We found no interaction effects for type of advergame and the attentional bias 
measurements on milk chocolate candy shells intake. These results partly support H2a and 
H2c, and refute H2b.  
The incentive sensitization theory states that cues elicit the expectancy of 
substance availability. The amount of attention to the food cues in the food advertisement 
seems to affect the craving for the advertised food. Food advertisements are designed to 
grab attention, and the extent to which the gaze of a child is directed to this food 
advertisement influences the susceptibility to the food advertisement. Functional magnetic 
resonance imaging studies have shown that orientation to food cues activate brain 
responses in neural regions associated with food reward processing rather than simple 
attention processing (Yokum, Ng & Stice, 2012). If children who allocate more attention 
to food cues are more likely to overeat, then the behavioural response to this attentional 
bias will be difficult to manage in an environment with attractive food cues omnipresent. 
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This could imply that these children are more susceptible to become overweight or have 
problems with maintaining a healthy diet. 
Attentional bias theory (Field & Cox, 2008) proposes that people with an increased 
motivation to receive or avoid a rewarding substance show increased attention towards 
environmental cues related to that specific substance. Attentional bias and craving have a 
mutual excitatory relationship, such that increases in one lead to increases in the other, 
which is likely to result in substance self-administration. In this study, increased attention, 
measured by gaze duration and latency of initial fixation, influenced the individual 
susceptibility to food advertisements. Where other studies have found that obese 
individuals are more responsive by salient external food-related stimuli than normal-
weight individuals (Halford et al., 2004; 2008), the present study showed that this 
increased attention leads to more snack intake of the advertised food among children in a 
largely normal-weight sample.  
Weierich, Treat and Hollingworth (2008) showed that gaze duration, number of 
fixations and latency of initial fixation related to different psychological constructs. Gaze 
duration and number of fixation are related to attention maintenance and latency of initial 
fixation to vigilance. Both gaze duration as latency of initial fixation affected snack intake 
in this study, indicating that both attention maintenance and vigilance are psychological 
constructs that could explain the effect of food advertisements on children’s snack intake. 
Children who more rapidly found the food cues and who had overt attention for the food 
cues ate more of the advertised energy-dense snacks afterwards than children who were 
slower and had less overt attention for the food cues. 
A possible explanation why we found an interaction effect of type of advergame 
and gaze duration, and not for number of fixations, could be that gaze duration activates 
greater neurological responses to the advertised food than the number of fixations. Bruce 
et al., (2012) found that exposure to food logos generated greater activation in regions 
among children that have been associated with future weight gain and difficulty with 
weight maintenance in response to food cues (e.g., middle frontal gyrus, middle temporal 
gyrus, insula; Murdaugh et al., 2012). Gaze duration is operationalized as the number of 
fixations multiplied by the length of the fixations (i.e., total fixation time), suggesting that 
the activation of the brain areas that are related to food intake are affected for a longer 
period.  
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The first strength of this study is that it is the first to examine the effect of 
attentional bias for food cues on actual snack intake. Many studies have shown that people 
with overweight compared to normal weight show an automatic approach tendency 
toward food and food cues (Havermans, et al., 2011; Nijs, et al., 2010; Veenstra & de 
Jong, 2010), but none of the studies have examined whether this attentional bias also 
influenced subsequent snack intake. Second, the external validity of this research is high, 
because the advergame that we used is identical to advergames that are used by real food 
companies that have advergames on their websites. Some advergames contain product and 
brand integrated as part of the actual game, and might therefore even have a stronger 
effect than the games that we have used. Third, our study focused on children. The 
development of an attentional bias to food cues can develop during childhood, yet only a 
few studies have examined the effects of an attentional bias for food cues among children. 
Insights in individual susceptibility to food advertisement are necessary to inform public 
policy makers about the consequences of food advertisements. 
One limitation of this study is that the memory game consists of pictures of toys 
and the commercial related cues in the nonfood advergame display toys, while in the 
energy-dense advergame the advertisements display foods. The food cues may have had 
more attention-grabbing power because they were not in the same category as the memory 
cards. We did not find significant differences in attention between the two games, but this 
could possibly have influenced children’s attention to the food cues. Next, we did not 
examine the frequency of the food consumption of the food that was in the advergame or 
provided during the ad libitum test. Future research should take this into account. Other 
factors that could also influence attentional bias for food cues (e.g., impulsivity, BMI, 
previous consumption of the advertised food) should be studied more thoroughly in future 
studies to unravel attentional bias for food cues to a greater extent.    
 Many studies have found a strong association between addictive behavior and 
attentional bias towards cues that are related to the addiction, making it important to 
examine the development of addiction (and related weight increase) to food among 
children. Without the necessary inhibitory processes to aid in decision-making, 
overweight children are susceptible to making poor health behavior choices and these 
differences may be pronounced when evaluating appetitive cues (Somerville & Casey, 
2010). Since food related advertisements are omnipresent and integrated in children’s 
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(media) environment, it is important to educate children about the influences of food 
marketing and how to become more defensible against these influences. More 
specifically, children’s advertising literacy should be stimulated, to decrease their 
susceptibility to food advertisements. Furthermore, studies have shown that training 
adolescents to self-regulate their attention away from food cues is successful in reducing 
subsequent caloric intake (De Ridder et al., 2013, Kroese, Adriaanse, Evers, & De Ridder, 
2011). Hopefully we are able to teach children to direct their attention and become less 
responsive to food advertisements. Another practical implication of this study is that 
policy makers should make clear and make decisive steps towards protecting children 
from unhealthy food marketing, by restricting or prohibiting food advertising to children. 
This might have a larger public health impact than individual approaches such as attention 
retraining to combat the impact of food marketing on children. 
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Chapter 6 
Attentional Bias for Food Cues in Advertising Among 
Overweight and Hungry Children 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is submitted as: 
Folkvord, F., Anschütz, D. J., & Buijzen, M. (submitted). Attentional bias for food cues in 
advertising among overweight and hungry children. 
142 
 
 
  143 
 
 
Abstract 
Attentional bias theory suggests that people with an increased motivation to receive or 
avoid a rewarding substance show increased automatic selective attention towards cues 
that are related to that specific substance. Until now, only one study has examined 
attentional bias towards food cues in food advertisements. The aim of this study was to 
examine if overweight and hungry children have an attentional bias for food cues when 
exposed to food advertising. A randomized between-subject design was used with 95 
children who played an advergame that promoted either energy-dense snacks or nonfood 
products. While playing, duration of fixation, number of fixations, and latency of initial 
fixation to food or nonfood cues were recorded. Overweight children had a higher gaze 
duration for the food cues compared to normal weight children. No effects were found of 
overweight on the attentional bias measurements for the nonfood cues. Furthermore, 
hungrier children had a higher gaze duration, a higher number of fixations, and a faster 
latency of initial fixation on the food cues than less hungry children, while we found the 
opposite results for the nonfood cues. The findings largely confirm our expectations, 
adding important knowledge to existing literature about the individual susceptibility to 
food advertisements.  
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Introduction 
Childhood obesity remains a major public health priority worldwide (Silventoinen et al., 
2004). A central factor in understanding the impact of the environment on the obesity 
epidemic will be to explore the influence of industry-developed food cues on the brain and 
behavior (Brownell & Gold, 2014). In an “obesogenic” society that is characterized by an 
abundance of highly palatable food items and the presence of food-related cues, people 
are frequently exposed to attractive food and food-related cues (Wardle, Carnell, Haworth, 
& Plomin, 2008). Food advertisements are omnipresent and contrived to be attention-
grabbing, activating people’s consumer behaviours. These food advertisements are mostly 
promoting energy-dense snacks, high in salt, sugar and fat, and have low nutritional value 
(WHO, 2009).   
Motivational stimuli, like food advertisements, capture attention and trigger 
neurological reward systems, promoting craving and motivating behavior toward the 
foods (Castellanos et al., 2009). Attentional bias theory suggests that when people have an 
increased motivation to receive or avoid a rewarding substance, like palatable food, they 
show increased attention towards cues that are related to that substance (Field & Cox, 
2008; Werthmann et al., 2011). Furthermore, attention biases and craving for the 
rewarding substance are assumed to be reciprocally related. Attention biases for food may 
elicit craving, and craving can in turn trigger attentional biases for food. This self-
stimulating circle may cause a preoccupation with palatable food (Nijs, Franken & Muris, 
2010a).        
The incentive-sensitization model of obesity suggests that repeated pairings of 
reward from food intake and cues that predict future caloric intake result in increased 
attention to these food cues (Berridge, 2009). In line with this model, numerous studies 
have found that overweight individuals have more attention for food cues than normal 
weight individuals (Castellanos et al., 2009; Nijs et al., 2010a; Nijs, Muris, Euser, & 
Franken, 2010b; Werthmann et al., 2011). For example, overweight individuals directed 
their first gaze more often toward food pictures than healthy-weight individuals 
(Castellanos et al., 2009).  Furthermore, obese individuals retained incentive salience for 
food cues despite feeding and decreased self-reported hunger levels, while normal weight 
individuals showed no attentional bias for food cues after eating and decreased hunger 
(Castellanos et al., 2009).  
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In addition to overweight people, hungrier people also seem to have an automatic 
selective preference for food cues compared to less hungry people (Nijs et al., 2010a). 
This can be explained from an evolutionary perspective, because a selective detection of 
food seems to be one of the most adaptive characteristic of humans and animals2. 
Different studies have found that the motivational state of hunger is associated with an 
attentional bias toward food-related cues (Castellanos et al., 2009; Mogg, Bradley, Hyare, 
& Lee, 1998; Nijs et al., 2010b; Veenstra & de Jong, 2010).  
Remarkably, there is very little research about attentional bias for food cues among 
children. The development of attentional biases is a process of classical conditioning 
(Field & Cox, 2008), which starts at a very young age. For example, children who show 
elevated reward circuitry responsitivity during food cue exposure also show increased 
attention for food cues and have a greater risk for future weight gain (Yokum, Ng & Stice, 
2012a,b). Next, there are no studies reported that examined attentional bias for food cues 
in food advertisements, although food advertisements are specifically designed to capture 
attention and overweight and hungry children are more susceptible to food advertisements 
(Bruce et al., 2013; Forman, Halford, Summe, Macdougall, & Keller, 2009; Halford, 
Gillespie, Brown, Pontin, & Dovey, 2004).      
 In this study we will measure eye movements during exposure to an advergame 
promoting energy-dense snacks or nonfood products, to assess duration of fixation, 
number of fixations, and the latency of initial ﬁxations on food or nonfood cues (for more 
information see Field & Cox, 2008; Mogg, Bradley, Field & De Houwer, 2003). 
Advergames are online electronic games that are used to advertise a product or a brand, 
frequently used by food companies. Experimental studies have found that advergames that 
promote food increase subsequent food intake among children (Folkvord, Anschütz, 
Buijzen, & Valkenburg, 2013; Folkvord, Anschütz, Nederkoorn, Westerik, & Buijzen, 
2014; Folkvord, Anschütz, Wiers, & Buijzen, 2015).  
Based on the attentional bias theory and the incentive-sensitization model, we 
hypothesize that overweight children have a greater attentional bias for the food cues 
compared to normal weight children (H1), while we expect no differences in attentional 
bias for the nonfood cues (H2). Furthermore, we hypothesize that hungry children have a 
greater attentional bias for the food cues compared to less hungry children (H3), while we 
expect no differences in attentional bias for the nonfood cues (H4).  
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Method 
Experimental design and stimulus materials 
This study was part of a larger study (Folkvord et al., 2015), which focused on the role of 
attentional bias in the effect of food advergames on snack intake among children. In the 
present study two factorial between-subject designs were used to test our hypotheses: a 
2(type of advergame: energy-dense snacks vs. nonfood products) x 2(weight status: 
overweight vs. normal weight) design and a 2(type of advergame: energy-dense snacks vs. 
nonfood products) x 2(hunger status: hungry vs. satiated) design. We randomly assigned 
children to one of two conditions, which involved playing (1) the energy-dense snacks 
advergame (i.e., promoting a popular candy brand and different gummy and jelly sweets 
from this popular candy brand); (2) the nonfood advergame (i.e., promoting a popular 
Dutch toy brand and individual toys from this brand). Counterbalancing was conducted to 
start with a different condition every day. Furthermore, the order of conditions was also 
counterbalanced to avoid any order effects. The dependent variables were the 
measurements of attentional bias.      
While playing one of the advergames, children’s eye movements were recorded 
with a corneal reflection eye tracker (Tobii T120 Eye Tracker, Tobii Technology, 
Danderyd, Sweden). We used the Tobii eye-tracking system with a  17” TFT flat screen 
monitor on which the stimuli were presented. The eye-tracking system recorded gaze data 
of both eyes at 60 Hz with an average accuracy of 0.5° visual angle. Before beginning the 
experiment, children’s gazes were calibrated with a nine-point calibration procedure, in 
which an expanding–contracting circle appeared in every position of a screen-wide 3 x 3 
grid of calibration points on a white background. We asked the children to accurately 
fixate the circle. When seven or fewer points were calibrated successfully, the calibration 
was repeated for the missing calibration points; otherwise the experiment commenced. 
Areas that we specified as food cues or nonfood cues during playtime were measured if 
both of the participant’s eyes overlapped with the display of the food or nonfood cues. 
The memory game that the children played required their attention continuously, so every 
time the children directed their eyes towards one of the nongame related cues, it affected 
their game results in a negative way. Children were motivated to finish as many games as 
possible, thereby trying to influence their concentration to play the game. During 
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playtime, every 16.667 ms the eyetracker measured where the eyes of the children were 
located.  
The advergame was developed by a professional game designer. The two versions 
of the game were identical, except for the advertised brands and products that were shown 
on the side of the screen. The game involved a memory game with 16 cards with 
unbranded toys on the backside of the cards. The front sides of the cards were plain white. 
The brands (popular candy brand, Figure 1; or popular toys brand, Figure 2) appeared on 
the left and on the right side of the screen, at random on the upper or lower part of the 
screen, and the individual products (candy or toys) appeared on the opposite side 
(respectively lower or upper part) of the screen. The cues of the food and nonfood brands 
and products were displayed continuously, for the total remaining of the advergame. 
Similar to advergames from food companies, we integrated two specific features to 
immerse the children into the game. First, a digital timer appeared on the top left of the 
screen, and a time bar appeared in the top center of the screen to exert time pressure on 
the children. Second, the game played an unpleasant sound when a child selected a false 
pair and a pleasant sound when a child selected a correct pair.  
 
 
Figure 1: A print screen of the advergame promoting energy-dense snacks. The brand logos in the games are real 
brands, but are removed because of copyrights. 
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Figure 2: A print screen of the advergame promoting nonfood products. The brand logos in the games are real 
brands, but are removed because of copyrights. 
 
Procedure 
The committee for ethical concerns in the Faculty of Behavioral Science Institute at the 
Radboud University Nijmegen approved the current study. After obtaining consent from 
the schools to participate, we sent the parents of the children a letter with detailed 
information regarding the study. Around 90% of the children participated. We emphasized 
to the parents and the children on beforehand that the data would remain confidential and 
that children could cease participation at any moment.  
We individually tested the children at their schools during regular school hours. 
The teacher assigned the children (in alphabetical order) to the experimenter and the 
experimenter brought each child to a separate (class)room containing a computer. The 
children started with an online questionnaire to assess sex, age, group and pre-
experimental hunger. Subsequently, the child was placed behind a separate computer to 
play one version of the advergames and the child’s eyes were calibrated and validated.  
After calibration, the experimenter instructed the child to play the advergame. The 
experimenter read the instructions from the screen. The child would be playing a memory 
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game for 5 minutes and should attempt to finish as many games as possible, which were 
unlimited. The experimenter left the room until the child finished playtime. When the 
playtime was finished, the child signaled the experimenter.2  
Subsequently, the child had a small break for 5 minutes. After the break, the 
experimenter and the child filled out the second part of the online questionnaire. The 
second part of the questionnaire consisted of questions that assessed brand recognition and 
attitude to the brand shown in the advergame. The experimenter read the questions and 
answers aloud, and the children gave their answers to the experimenter who filled the 
answers in the computer. When the questionnaire was finished, the experimenter 
measured height and weight of the children. The children were then accompanied back to 
their classrooms, and the experimenter invited the next child to participate. The 
experimenter requested that all children refrained from discussing the experiment with 
their classmates.  
 
Measures  
Attentional bias.  
To measure the participants’ attention to food-related or nonfood cues, three dependent 
variables were used: (1) the duration of ﬁxations (i.e. gaze duration), (2) the number of 
ﬁxations on the cues, and (3) the latency of initial ﬁxations on the cues. A participant’s 
gaze duration was deﬁned as the overall amount of time that the participant’s gaze was 
directed to the food or nonfood cues. Number of ﬁxations was determined by counting the 
total number of times the participant ﬁxated on the food or nonfood cues. Initial ﬁxation 
was deﬁned as the time of the ﬁrst ﬁxation of the cue after its appearance. The food or 
nonfood cues remained visible at the screen at the same place throughout the game. To 
compute groups of high versus low attention to the food or nonfood cues we conducted 
mean split. 
 
 
 
                                                          
a Children had a 5 minute break after playing the advergame, before we continued the rest of the experiment, where they 
could snack ad libitum from two bowls containing energy-dense snacks for 5 minutes. The children were not told about the 
break before the advergame. The effect of the advergames on the snack intake is described in Folkvord et al, 2015. 
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BMI.  
BMI was measured as weight (kg)/height2 (cm). We measured weight to the nearest 0.1 kg 
while the children were wearing clothing but no shoes. We also measured height 
according to standard procedures to the nearest 0.5 cm. We divided the variable BMI in 
two different groups by calculating whether the children were underweight or normal 
weight (n = 79), and overweight or obese (n = 16), using international cut-off scores 
(Cole, Bellizzi, Flegal & Dietz, 2000). In this study 6 children were underweight, 73 
children were normal weight, 15 children were overweight, and 1 child was obese.  
 
Hunger.  
Hunger was measured by presenting the children with a visual analogue scale  
(VAS; 14 cm) to measure the extent to which they felt hungry before the experiment 
began. VAS are widely used and are reliable and valid rating scales for measuring 
subjective experiences related to food intake (King & Hill, 2004; Van Laerhoven, Van der 
Zaag-Loonen & Derkx, 2004). The anchors were “not hungry at all” and “very hungry.” 
We used mean split-method to divide the children in high (n = 61) vs. low (n = 34) hunger 
levels. The cut-off score was a hunger level of 3.2 cm (± 3.7 cm). 
 
Analyses Strategy 
Randomization checks using a 1-factor analysis of variance was conducted for sex, age, 
hunger, brand recognition, candy brand attitude, gaze duration, number of fixations, 
latency, and BMI. In Table 1 we present the means and standard deviations for all 
variables separately for each condition. To test our hypotheses, we conducted three 
separate multivariate analyses of covariance, with age and sex as covariates. The first 
multivariate analysis was conducted with BMI, hunger, and type of advergame as 
independent variables, and the attentional bias measurements (gaze duration, number of 
fixations, and latency of initial fixation) as dependent variables. The second multivariate 
analysis was conducted with an interaction between BMI and type of advergame, and the 
attentional bias measurements as dependent variable. The third multivariate analysis was 
conducted with an interaction between hunger levels and type of advergame, and the 
attentional bias measurements as dependent variables. Bonferroni corrections were used to 
correct for multiple comparisons. The hypotheses were tested with one-tailed analyses, the 
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adjusted p value that was considered significant was .05. We calculated effect sizes for 
Cohen’s d and Cohen’s f2. 
 
Table 1 
Variables measured, by condition
1 
  Energy-dense snack (n = 52) Nonfood  (n = 43) 
Sex (boy=1, girl=0) 44% 47% 
Age (y) 8.5 ± 1.1 8.4 ± 1.1 
Hunger on VAS
2
 (cm) 2.9 ± 3.5 3.4 ± 4.5 
Brand recognition 77% 46% 
Candy brand attitude 11.0 ± 1.9 10.5 ± 1.7 
Gaze duration (ms) 6394.6 ± 4374.3 5996.1 ± 3693.5 
Number fixations 57 ± 37.6 64.3 ± 36.1 
Latency (ms) 11734.3 ± 24183.9 11016.7 ± 18111.0 
BMI 1.15 ± 0.36 1.22 ± 0.42 
1
N = 95 
2
VAS, visual analog scale. 
 
Table 2 
 
Results from the first multivariate analysis of covariance, with attentional bias measures as 
dependent variables
1
 
  Gaze duration (ms) Number of fixations Latency (ms) 
Sex (boy=1, girl=0) F (1, 89) = 0.002 F (1, 89) = 0.083 F (1, 89) = 0.499 
Age (y) F (1, 89) = 0.156 F (1, 89) = 1.879 F (1, 89) = 0.073 
Hunger on VAS
4
 (cm) F (1, 89) = 0.026 F (1, 89) = 1.717 F (1, 89) = 0.004 
BMI F (1, 89) = 8.352
2
 F (1, 89) = 2.795 F (1, 89) = 0.083 
Advergames F (1, 89) = 0.402 F (1, 89) = 0.316 F (1, 89) = 0.042 
Explained variance (%) 8.9 7.6 9 
1
N = 95 
2 
p < .01 
3 
p < .05 
4 
VAS, visual analog scale 
 
Results 
Descriptives 
The total sample consisted of 116 children (grades 2, 3, and 4) from 3 primary schools in 
the Netherlands, 44% of the participants were boys. We excluded 15 children from the 
analyses because calibration was not successfully conducted, 4 children because they had 
not finished the session completely and 2 children because they had outlying scores on 
gaze duration (means  +2 x s.d.). The final sample consisted of 95 children. The mean (± 
s.d.) age of the children in grade 2 (n = 45) was 7.6 ± 0.54 y, in grade 3 (n = 23) was 8.6 ± 
  153 
 
 
0.73 y, and in grade 4 (n = 27) was 9.6 ± 0.56 y. In our sample, 81.4% of the children 
were normal weight, 18.6% were overweight or obese. The percentage of overweight 
children in our study was higher than the percentage of overweight children in the 
Netherlands (13.3%). We assume that schools with a higher percentage of overweight 
children were more likely to participate in our study because the board was more 
interested in possible factors that could explain obesity among children. We found no 
differences between the experimental conditions for sex, age, hunger, candy brand 
attitude, gaze duration, number of fixations, latency, and BMI. More children (p < .05) 
recognized the advertised candy brand in the advergame compared to the toys brand. We 
calculated the correlation between BMI and hunger. We found no significant association 
between BMI and hunger (r = -.093). We included sex and age in our models as covariates 
because other studies have shown that these variables are associated with attentional bias 
for food cues (Havermans, Giesen, Houben, & Jansen, 2011).  
 
Main analyses  
The results (see Table 2) from our first multivariate analysis of covariance yielded a 
significant effect for BMI on gaze duration (p < .001, Cohen’s d = 0.70)3. Overweight 
children had a higher gaze duration for the commercial cues (food as well as nonfood) in 
the advergames (mean = 8807.3 ms, s.d. = 5087.5 ms) than normal weight children (mean 
= 5689.0 ms, s.d. = 3642.6 ms). In agreement with H1, the posthoc analysis showed that 
overweight children who played the energy-dense advergame (mean = 9652.1 ms, s.d. = 
6602.2 ms) had a higher gaze duration for food cues (p < .05, Cohen’s d = 0.72) than 
normal weight children who played the energy-dense advergame (mean = 5802.3 ms, s.d. 
= 3642.1 ms). Overweight children who played the nonfood advergame did not have a 
higher gaze duration to the nonfood cues (p > .05) than normal weight children, thereby 
supporting H2. Furthermore, we found no main effect of BMI on number of fixations and 
latency of initial fixation (p > .05), which contradicts H1 and supports H2. We found no 
effect for hunger. Finally, we found no effect of sex and age on the attentional bias 
measurements (p > .05).  
                                                          
3 Separate analyses for the attentional bias measurements for the brand and products  did not lead to different results. 
Therefore, we have not described these analyses in this article.  
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In the second multivariate analysis of covariance (see Table 3) we found no 
significant interaction between BMI and type of advergame on gaze duration (p > .05), 
between BMI and number of fixations (p > .05), and between BMI and latency of initial 
fixation (p > .05). The difference in attentional bias between overweight children and 
normal weight children in the advergame promoting energy-dense snacks was not 
significantly different than the difference in attentional bias between overweight children 
and normal weight children in the advergame promoting nonfood products. In the third 
multivariate analysis of covariance (see Table 4) we found a significant interaction 
between hunger and type of advergame on gaze duration (p < .05, Cohen’s f2  = 0.18), 
number of fixations (p < .05, Cohen’s f2  = 0.19) and latency of initial fixation (p < .05, 
Cohen’s f2  = 0.15). Posthoc analyses revealed no significant differences between the 
separate cells (p > .05). Because we found a significant interaction effect between hunger 
and type of advergame on the attentional bias measurements we think it is important to 
show the results from the posthoc analyses.  
 
Table 3 
    Results from the second multivariate analysis of covariance, with attentional bias measures as dependent  
variables
1
 
  
Gaze duration 
(ms) 
Number of fixations Latency (ms) 
 
Sex (boy=1, girl=0) F (1, 88) = 0.011 F (1, 88) = 0.138 F (1, 88) = 0.511 
 
Age (y) F (1, 88) = 0.132 F (1, 88) = 1.749 F (1, 88) = 0.068 
 
Hunger on VAS
5
 (cm) F (1, 88) = 0.005 F (1, 88) = 1.338 F (1, 88) = 0.008 
 
BMI F (1, 88) = 8.185
2
 F (1, 88) = 2.890
3
 F (1, 88) = 0.079 
 
Advergames F (1, 88) = 0.801 F (1, 88) = 1.174 F (1, 88) = 0.031 
 
BMI*Advergames F (1, 88) = 0.405 F (1, 88) = 1.004 F (1, 88) = 0.031 
 
Explained variance (%) 8.7 9.3 1.0 
 
1
 n = 95       
 
2
 p < .01 
   
 
3 
p < .05 
   
 4
 p < .10 
5 
VAS, visual analog scale. 
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Table 4 
  Results from the third multivariate analysis of covariance, with attentional bias 
measures as dependent variables
1
 
  Gaze duration (ms) Number of fixations Latency (ms) 
Sex (boy=1, girl=0) F (1, 88) = 0.001 F (1, 88) = 0.098 F (1, 88) = 0.540 
Age (y) F (1, 88) = 0.049 F (1, 88) = 2.387 F (1, 88) = 0.179 
Hunger on VAS
5
 (cm) F (1, 88) = 0.002 F (1, 88) = 2.057 F (1, 88) = 0.001 
BMI F (1, 88) = 6.642
2
 F (1, 88) = 1.907 F (1, 88) = 0.319 
Advergames F (1, 88) = 1.370 F (1, 88) = 0.003 F (1, 88) = 0.071 
Hunger*Advergames F (1, 88) = 4.204
3
 F (1, 88) = 3.337
3
 F (1, 88) = 3.019
3
 
Explained variance (%) 13.1 11.0 4.2 
1
 n = 95 
   2 p < .01 
   3 p < .05 
   4 p < .10 
   
5 
VAS, visual analog scale. 
    
Furthermore, hungry children who played the energy-dense advergame had a 
higher number of fixations (mean = 60.3, s.d. = 28.9) to the food cues then less hungry 
children (mean = 55.4, s.d. = 41.5), while hungry children who played the nonfood game 
had a lower number of fixations (mean = 46.2, s.d. = 24.5) to the nonfood cues than less 
hungry children (mean = 69.8, s.d. = 33.2). Finally, hungry children who played the 
energy-dense advergame (mean = 6326.5 ms, s.d. = 21773.9 ms) had a faster initial 
fixation to the food cues than less hungry children (mean = 14360.9 ms, s.d. = 25148.7 
ms), while hungry children (mean = 15317.8 ms, s.d. = 24185.2 ms) who played the 
nonfood advergame had a slower initial fixation to the nonfood cues than less hungry 
children (mean = 8204.5 ms, s.d. = 12485.9 ms). We found no effects for sex and age (p > 
.05).  
 
Discussion 
Based on attentional bias theory (Field & Cox, 2008) and the incentive-sensitization 
model (Berridge, 2009), we expected to find that overweight and hungry children had a 
greater attentional bias for the food cues compared to normal weight and less hungry 
children, while we expected no differences in attentional bias for the nonfood cues. The 
results showed that overweight children had a higher gaze duration for the food cues than 
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normal weight children. We found no effect of overweight for number of fixations or 
latency of initial fixations for the food cues. These results partly support H1, because we 
did not find an effect of BMI on all attentional bias measures. We found no effect of 
overweight for gaze duration, number of fixations or latency of initial fixation for the 
nonfood cues, thereby supporting H2. The interaction between BMI and type of 
advergame was not significant.     
Furthermore, we found no main effect of hunger on the attentional bias 
measurements. However, we did observe significant interactions between hunger levels 
and type of advergame for gaze duration, number of fixation and latency of initial 
fixation. Hungrier children who played the energy-dense advergame had a higher gaze 
duration, a higher number of fixations and a faster initial fixation to the food cues than 
less hungry children, while we found opposite results for the hungry children in the 
nonfood advergame. The findings from the interaction analyses support H3 and refute H4. 
 The incentive-sensitization model proposes that obesity is associated with 
anomalous responsitivity of reward circuitry to food. In line with this theory, 
hypersensitivity to motivational stimuli with high incentive salience (i.e. food cues in the 
advergame) produce a bias in attentional processing toward food-related cues, triggering 
the release of dopamine and driving attention towards food-related cues and consumption 
(Yokum et al., 2012a). Overweight is a trait that is strongly linked to attentional biases for 
food cues (Field & Cox, 2008). This makes it more difficult for overweight children to 
lose weight, or maintain a healthy eating pattern, than for normal weight children.  
Furthermore, attentional bias theory states that if people have an increased 
motivation to receive or avoid a rewarding substance, they will show automatically 
increased attention towards cues that are linked to that substance. Our results show that 
hungrier children have this increased motivation. Hunger is a state that is strongly related 
to attention for food cues. From an evolutionary perspective this is very adaptive, because 
a selective detection of energy-dense foods seems a very effective survival characteristic 
of humans and animals (Brownell & Gold, 2014). But in an “obesogenic” society, where 
energy-dense food is omnipresent and designed to attract attention, this can have 
deteriorating effects, because hungrier children are more susceptible to the overwhelming 
amount of food-related cues and may therefore choose more often to eat energy-dense 
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snack (Folkvord et al., 2014). This leads to unhealthy eating patterns and, subsequently, to 
overweight.   
The results from this study add important knowledge to the existing literature about 
the effects of food marketing. The results can be used as an explanation for the findings 
that overweight and hungrier children are more susceptible to the impact of food 
advertisements (Forman et al., 2009; Halford et al., 2004). Assessing the influence of 
industry-developed food cues is considered a central factor of understanding the 
environment and its relationship with the obesity rates nowadays (Brownell & Gold, 
2014). While people are evolutionary equipped for times of scarcity, we are constantly 
surrounded by plenty images and videos of high caloric and tasty snacks, especially in 
food advertisements on television and internet.  
A possible explanation why we found an effect of BMI on gaze duration to the 
food cues, and not for number of fixations and latency of the initial fixation to the food 
cues, might be that overweight children have a higher attention maintenance bias than 
normal weight children (Weierich, Treat & Hollingworth, 2008). After the food cues have 
triggered the attention of children, overweight children cannot take their eyes off the food 
related cues, compared to normal weight children. It might be that overweight children 
have not (yet) developed strategies to direct their attention towards something else, 
instead of the attractive food cues.  
The first strength of this study is that it examines attentional bias in a food 
advertisement that is highly comparable to advertisements that are used by food 
companies, thereby increasing the external validity of the findings. The second strength is 
that the development of an attentional bias for food cues is developing at a young age and 
we have examined this in a real-life situation. One limitation of this study is the relatively 
small group of overweight children, thereby possibly creating false-positive results 
(Simmons, Nelson & Simonsohn, 2011). However, this study is the first to test whether 
overweight children have more attention for food cues in a food advertisement. Therefore, 
it is interesting to use these results for further research with larger groups of overweight 
children. Next, the interaction effect between hunger and type of advergame is partly 
driven by the increased attention for nonfood-related cues by less hungry children. 
Although these differences were not significant, these are in contrast to our expectation 
and we have no clear explanation for this finding.  
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Different scholars suggest that attention bias and craving for a substance are 
reciprocally related (Field & Cox, 2008; Nijs et al., 2010a), but it is not exactly clear how 
this mechanism works with regard to palatable food. It is important to examine the 
susceptibility to food and food-related cues among children and unravel whether 
overweight children have developed an attentional bias for food cues, or that the children 
have become overweight due to the attentional bias for food cues. Furthermore, the 
question remains whether repeated pairings of reward from energy-dense food intake and 
cues that predict future snack intake create a stronger attentional bias among children, 
making it therefore harder to resist these palatable snacks. These are important questions 
that should be studied in future research.  
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Chapter 7 
 Targeting Implicit Approach Reactions to Snack Food in 
Children: Effects on Intake 
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Folkvord,F., Veling, H., & Hoeken, H. (resubmitted). Targeting implicit approach reactions to 
snack food in children: Effects on intake. 
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Abstract 
Objective: Implicit approach reactions to energy-dense snack food can facilitate 
unhealthy eating in children. Therefore, an experiment was conducted testing whether 
modifying implicit reactions to snack food by means of a go/no-go task can reduce 
consumption of this food. We tested the effectiveness of this intervention on actual snack 
intake after exposure to a food advertisement or a control advertisement.    
Methods: A randomized between and within-subjects design was conducted with children 
(133; age: 7–10 y) who played an advergame that promoted either energy-dense food or 
nonfood products. Subsequently, children conducted a go/no-go food task in which the 
advertised food was consistently associated with no-go cues, or a control task. Afterwards, 
they could eat the advertised food and a new food, completed questionnaires, and were 
weighed and measured. 
Results: Results show that children who conducted the go/no-go food task consumed 
significantly and considerably fewer calories (34%) than the children who conducted the 
control task. Furthermore, the effect of the go/no-go food task was similar after each type 
of advertisement, similar for both types of foods, and significant for both girls and boys.  
Conclusion: Targeting implicit processes of eating behavior thus proved effective in 
decreasing intake of high-energy snacks in children. We think this study offers important 
new insights in how modifying implicit processes can help to reduce unhealthy eating 
behavior in children. 
166 
 
 
 
 
 
 
  167 
 
 
Introduction 
Rates of childhood obesity have increased at an alarming rate in recent years (Han, 
Lawlor, & Kimm, 2010). For example, the percentage of children between 6 and 11 years 
old in the United States who were obese increased from 7 % in 1980 to almost 18 % in 
2012, making it more than 1 out of 6 young children that are obese (Ogden, Carroll, Kit, 
& Flegal, 2014). While the causes of the obesity epidemic are multifaceted, there is 
growing evidence that overconsumption of high calorie food is a major contributor to the 
childhood obesity trend (Swinburn et al., 2011). For instance, during the same period that 
the numbers of overweight have increased rapidly, the average number of calories per day 
from energy-dense and high-fat snacks has increased among children (Poti, Duffey, & 
Popkin, 2014). These observations raise the question how to target this unhealthy eating 
behavior of children.   
Prominent interventions to prevent childhood obesity mostly focus on explicit 
factors, such as improving knowledge on healthy nutrition and physical activity among 
children and parents (Sobol-Goldberg, Rabinowitz, & Gross, 2013). Others have also 
included adaptations in environmental factors, for example providing fruit and vegetables 
in schools (De Coen et al., 2012), or limiting the availability of energy-dense snacks 
(Briefel, Wilson, & Gleason, 2009). Interventions that combine these approaches with 
parental support and a long duration of the intervention (four years) have mild, but limited 
success (Sobol-Goldberg et al., 2013). Perhaps one reason for their limited success is that 
these interventions fail to directly target implicit associative processes that often drive 
overeating. In the present study, we examined whether children’s eating behavior can be 
influenced by modifying implicit eating-related processes. 
Contemporary psychological and behavioural economic models of self-regulation, 
like the dual-process models (e.g., Hofmann, Friese, & Wiers, 2008), suggest that eating 
behavior is for a large part influenced by implicit associative cognitive processes that can 
motivate behavior toward food, in an impulsive, and difficult to control way (e.g., Cohen, 
2008; Metcalfe & Mischel, 1999; Strack & Deutsch, 2004; Wiers & Stacy, 2006). For 
example, cue reactivity theory (Carter & Tiffany, 1999) suggests that food cues that 
predict food intake will quickly start to act as conditioned stimuli that will trigger 
conditioned responses, such as cravings and actual eating behavior due to associative 
learning mechanisms (e.g., Coelho, Jansen, Roefs, & Nederkoorn, 2009; Jansen, 1998). 
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Once such associations have been established, food consumption can be triggered without 
much deliberation (Cohen, 2008). Gaining control over such implicit reactions toward 
energy-dense snacks seems to be important for limiting caloric intake (Hall, 2012).  
 In line with this reasoning, scholars and health practitioners have started to search 
for new intervention techniques targeting implicit eating-related processes to reduce 
unhealthy eating behavior (e.g., Marteau, Hollands, & Fletcher, 2012; Sheeran, 
Gollwitzer, & Bargh, 2013). One approach has been to change immediate attentional, 
affective or behavioral responses toward food stimuli by means of training procedures 
(e.g., Marteau, et al., 2012; Kemps, Tiggemann, Orr, & Grear, 2014). The idea behind this 
approach is to reduce implicit approach reactions toward the food, which will ultimately 
decrease overt impulsive behavior toward it. One example of such a training task is a short 
go/ no-go task in which palatable foods are consistently presented in close temporal 
proximity of no-go cues (e.g., Jansen & Houben 2011; Veling, Aarts, & Papies, 2011; 
Veling, Aarts, & Stroebe, 2013). Research has accumulated showing that presenting no-go 
signals near specific stimuli reduces the incentive value of these stimuli as measured with 
a variety of dependent measures (including implicit measures such as the Implicit 
Association Test; e.g., Ferrey, Frischen, & Fenske, 2012; Houben, Havermans, 
Nederkoorn, & Jansen, 2012; Van Koningsbruggen, Veling, Stroebe, & Aarts, 2014). 
Moreover, after pairing foods with no-go cues, impulsive consumption of and choices for 
these foods are reduced (e.g., Houben & Jansen, 2011; Lawrence, Verbruggen, Morrison, 
Adams, & Chambers, 2015; Veling et al., 2011, 2013). 
However, the effectiveness of the go/no-go task as an intervention to reduce food 
intake among children has remained unexplored. Moreover, there are some arguments to 
be made that this kind of intervention may be very effective and useful for children. First, 
the same appetitive brain network most consistently activated in adults when exposed to 
food cues is comparable to what has been found in children, although it appears that 
children activate cognitive control regions less (Van Meer, Van Der Laan, Adan, 
Viergever, & Smeets, 2015). Activation of this appetitive brain network has been shown 
to be accompanied by increased activation in motor areas, suggestive of preparation of 
approach reactions (Brooks, Cedernaes & Schiöth, 2013; Jastreboff et al., 2013). Because 
children, like adults, have strong approach reactions toward high-energy food, modifying 
approach reactions to these foods seems a promising avenue to decrease unhealthy eating. 
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Second, because the inhibitory system of children is still developing (Schachar & 
Logan, 1990; Williams, Ponesse, Schachar, Logan, & Tannock, 1999), it can be very 
difficult for them to regulate responses toward food by inhibiting craving and behavior 
(Metcalfe & Mischel, 1999). For example, Riggs, Spruijt-Metz, Sakuma, Chou, and Pentz 
(2011) have found that a better developed inhibitory system is positively associated with 
fruit and vegetable intake, while an underdeveloped inhibitory system was associated with 
the intake of energy-dense snacks (see also Nederkoorn, Coelho, Guerrieri, Houben, & 
Jansen, 2012). Furthermore, Folkvord, Anschütz, Nederkoorn, Westerik, and Buijzen 
(2014) found that when exposed to food cues in food advertisements, impulsive children 
directly responded to the stimulatory cues with elevated energy intake. Children, just like 
adults, have strong impulsive approach reactions towards palatable foods, but at the same 
time a less developed inhibition system. Directly changing these approach reactions via a 
go/no-go task would be well suited to decrease unhealthy eating among children.  
 Finally, children are frequently exposed to attractive food and food-related cues 
that stimulate food intake (Boyland & Halford, 2013; Folkvord, Anschütz, Buijzen, & 
Valkenburg, 2013). Content analysis research reveals that the majority of foods promoted 
are energy-dense, high in fat, sugar and/or salt, and in sharp contrast to national and 
international dietary guidelines (WHO, 2003). In particular, online digital games that are 
used to advertise energy-dense snacks or a candy-brand, so called ‘advergames’, influence 
food intake among children strongly (Folkvord et al., 2013). These online games provide a 
more highly involving, interactive, and entertaining brand experience than conventional 
media (Nairn & Hang, 2012). Therefore, it would be interesting to test whether the go/no-
go task could counteract the inducing effects of an advergame that promotes energy-dense 
snacks.   
In the present experiment our first aim is to test whether the go/no-go task can 
reduce unhealthy snack consumption by children. We expect that associating energy-
dense snacks with no-go cues in a go/no-go task decreases the general caloric intake (H1). 
Second, we will explore if the go/no-go task can reduce the effect triggered by exposure to 
advergames that promotes energy-dense snacks. The continuous exposure to energy-dense 
foods in advergames elicits eating behavior, and it is important to test whether the go/no-
go task can counteract the effect of this strong persuasive influence on consumption. The 
proposed study will hence test a new way of counteracting the effect of unhealthy food 
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advertisements on children. We hypothesize that the effect of the go/no-go task will be 
stronger for children who play the advergame promoting energy-dense snacks than for 
children who play the nonfood advergame (H2). 
 
Methods 
Participants and design 
A 2 (type of advergame: energy-dense or nonfood) x 2 (go/no-go task: food or control) 
between-subject x 2 (type of candy: advertised or new) within-subjects design was 
employed with 133 children (age: 7–10 y). The between-subjects conditions were 
randomized within schools and the conditions were counterbalanced to start with a 
different condition every day, so that none of the conditions were tested more in the 
morning or just before or after the break. The order of conditions was also 
counterbalanced to avoid any order effects. The committee for ethical concerns of the 
Faculty of Social Sciences at the Radboud University Nijmegen approved the current 
study. When the head of the school approved the research, a letter with detailed 
information regarding the study was sent to the parents of the children. This letter stated 
that the parents should inform us if they did not want their child to participate in the 
experiment or if their child was allergic to one of the test foods. Children who were 
allergic to the test food did not participate in the experiment. Around 93% of the children 
were allowed to participate. It was emphasized to the parents and the children beforehand 
that all of the data that we collected would remain confidential and that children could 
cease participation at any moment.  
 
Manipulations 
Food advertisement.  
Children played one type of advergame, which involved playing (1) an energy-dense 
snacks advergame (i.e., promoting a popular candy brand on the backside of the cards and 
8 different gummy and jelly sweets from this popular candy brand on the flipside of the 
cards4), (2) a nonfood advergame (i.e., promoting a popular Dutch toy brand and 8 
                                                          
4. Originally we had two versions of both games. One version was designed to be less enjoying than the other 
version, by manipulating the success rate of the pairings of the cards. In the difficult version, cards only matched 
in 15 opportunities, while in the easy version cards matched in 25 opportunities. We found no main or 
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individual toys from this popular toy brand). In this advergame, the goal was to match two 
identical cards. The instructions were read by the experimenter, which stated that the child 
would play 5 rounds with 10 opportunities to match two cards. After reading the 
instructions the child started the game. If they clicked with the mouse on the card, the card 
turned, and the children saw what was on the opposite side of the card. After selecting two 
cards, they heard a positive sound if the cards were identical, and a negative sound if the 
cards were not identical. Irrespective if the two chosen cards were identical or not, a new 
set of cards appeared and children received a new set with new positions of the cards. 
 
Go/no-go task.  
Children in both conditions first received a short instruction screen stating that it was part 
of this task to press the space bar as fast as possible when a blue border would appear 
around an image (go trials), and refrain from responding when a gray border would appear 
around the picture (no-go trials; presented as “rule of the game”). It was further stated that 
they should try to react as fast as possible while making as few errors as possible. The 
border color appeared 100 ms after image onset (and remained visible during the trial; see 
Veling, van Koningsbruggen, Aarts, & Stroebe, 2014), and the image was presented for a 
total duration of 1000 ms or until a response was registered. After an erroneous 
(non)response a red cross was presented for 500 ms. The intertrial interval was 500 ms. 
The go/no-go task consisted of 132 trials (66 go trials). In both conditions 22 
images of cute animals (e.g., kitten, rabbit, puppy) were presented on go trials (each 
image was presented 3 times). In the go/no-go food condition 22 different images of jelly 
candy were presented on no-go trials (each image 3 times) whereas in the go/no-go 
control task 22 control images (colored circles) were presented on no-go trials (each 
image 3 times).  
 
 
 
                                                                                                                                                                                     
interaction effects of this manipulation on the dependent variables (p > .05), and therefore collapsed our analyses 
over this variable.  
 
172 
 
Measures  
Caloric intake.  
To measure caloric intake, children were allowed to eat ad libitum. The amount of snack 
food that a child ate was weighed before each child entered the room and weighed again 
after eating. A professional balance scale was used to estimate to the nearest 0.1 g. The 
number of grams that a child ate in kilocalories was calculated for use as dependent 
measures. The amount of energy-dense snack food that a child ate was the sum of the 
caloric intake of jelly candy (part of the go/no-go food task) and a new form of food that 
was not included in the advergame and not in the go/no-go food task, namely milk 
chocolate candy shells. The amount of caloric intake of jelly candy, milk chocolate candy 
shells, and total energy intake were the dependent variables.  
 
Hunger.  
Individual differences in hunger were measured by presenting the children with a visual 
analogue scale (VAS; 14 cm) assessing the extent to which they felt hungry before the 
experiment began. Hunger was measured before the children played the game and ate. 
VASs are widely used and are considered reliable and valid rating scales for measuring 
subjective experiences related to food intake (Van Laerhoven, Van der Zaag-Loonen, 
Derkx, 2004; King & Hill, 2008). The anchors were “not hungry at all” and “very 
hungry.” The question about hunger levels was masked by also assessing excitement 
about the research, energy-level, and tiredness. 
 
Procedure 
Children were tested individually at their schools during regular school hours. The 
experimenter collected one child at a time from the classroom; the teacher assigned the 
children (in alphabetical order) to the experimenter. The experimenter brought each child 
to a separate classroom or office containing a computer. The children started with an 
online questionnaire assessing gender, age, group and hunger. Subsequently, the child 
played for approximately 3 minutes one version of the advergames.   
Next, the experimenter placed the child at a different table to conduct the go/no-go 
task. After this task, the child was placed at a different table with the bowls containing the 
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test-food (1) the advertised food (jelly candy; i.e., cola bottles) and (2) new food (i.e., 
milk chocolate candy shells), and a glass of water. The experimenter explained to the 
child that (s)he would have a break for 5 minutes and (s)he could eat as much as (s)he 
wanted. After the break, the experimenter entered the room again and finished the second 
part of the questionnaire with the child. The second part of the questionnaire consisted of 
questions that assess liking of the candy, attitude to the advergame, attitude to the brand 
and products in the advergame, and children’s impressions of the purpose of the study. 
When the questionnaire was finished, the experimenter measured the height and weight of 
the children.     
The children were then accompanied back to their classrooms, and the 
experimenter invited the next child to participate. The experimenter requested that all 
children refrained from discussing the experiment with their classmates. After each 
session, the experimenter weighed the bowls to calculate caloric intake. The experimenter 
refilled and weighed the bowls before the next child entered the room to make sure that 
the children did not notice whether and how much the previous child had eaten. 
 
Analyses strategy 
Randomization checks using a 1-factor ANOVA were conducted for sex, hunger, age, 
BMI, liking jelly candy, liking milk chocolate nutshells, jelly candy intake, milk chocolate 
nutshells intake, and total intake. In Table 2 we present the correlations between sex, 
hunger, age, BMI, liking jelly candy, liking milk chocolate nutshells, jelly candy intake, 
milk chocolate nutshells intake, and total intake.  
To test our hypotheses, we conducted a general linear model (GLM ) analysis with 
type of snack (advertised versus new) as within factor, and as between factor type of 
advergame and  go/no-go task. Finally, we conducted post hoc tests for exploratory 
reasons to examine whether the effect of the go/no-go task on the dependent variables was 
different for boys and girls, and for children who guessed correctly that the research was 
focused on examining eating behavior. The hypotheses were tested with two-tailed analyses, 
the p value was considered significant at .05. We calculated effect sizes for Cohen’s d. 
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Results 
Descriptives and randomization checks 
The total sample consisted of 133 children (grades 2, 3, and 4) from three primary schools 
in the Netherlands, 53% of the participants were boys. The mean (± s.d.) age of the 
children in grade 2 (n = 40) was 7.8 ± 0.64 y, in grade 3 (n = 43) was 8.8 ± 0.66 y, and in 
grade 4 (n = 49) was 9.8 ± 0.62 y. In our sample, 3.8 % of the children were underweight, 
73.5 % were normal weight, 18.9 % were overweight, and 3.8 % were obese. The 
percentage of children in our study that were overweight and obese was slightly higher 
than the percentage of overweight and obese children in the Netherlands (13.3%). We 
found no differences between the experimental conditions for sex, hunger, BMI, age, 
liking of the jelly candy, and liking of the milk chocolate nutshells, Fs < 1.183. Therefore 
we have not included these variables in our models. The main analyses provide similar 
significant results when we control for these variables. In Table 1 we present the means 
and standard deviations for all variables separately for each condition. In Table 2 we 
present the correlations between sex, hunger, age, BMI, liking jelly candy, liking milk 
chocolate nutshells, jelly candy intake, milk chocolate nutshells intake, and total intake.  
The children performed the go/no-go task with high accuracy (95.1 % of the trials 
were performed correct), and accuracy did not differ between the go/no-go food task 
(mean errors = 2.3, SD = 3.3; mean omissions = 4.0, SD = 3.4) and the go/no-go control 
task (mean errors = 2.0, SD = 2.3; mean omissions = 4.6, SD = 3.2), F < 1. Furthermore, 
the reaction times (in ms) on go trials did also not differ between the go/no-go food 
condition (M = 456, SD = 56) and the go/no-go control condition (M = 442, SD = 52), F 
(1, 131) = 2.05, P = .16. 
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Table 1 
Descriptive information of the variables, by condition
1 
 Energy-dense 
snack advergame 
and go/no-go 
control (n = 33) 
Energy-dense snack 
advergame and 
go/no-go energy-
dense snack (n = 36) 
Nonfood advergame 
and go/no-go control     
(n = 32) 
Nonfood advergame and 
go/no-go energy-dense 
snack     (n = 32) 
Sex (boy) 49 %  56 % 34 %  47 % 
Age (y) 9.0 ± 1.0 8.8 ± 1.1 8.8 ± 0.9 8.9 ± 1.1 
Hunger on VAS (cm) 3.3 ± 3.3 3.8 ± 3.6 3.0 ± 3.5 3.0 ± 3.5 
BMI 17.5 ± 2.8 17.0 ± 2.3 18.3 ± 3.2 17.8 ± 2.7 
Liking jelly candy 9.8 ± 4.8 9.2 ± 4.4 9.7 ± 3.7 8.4 ± 4.5 
Liking milk chocolate 
nuttshells 
10.2 ± 4.8 10.1 ± 3.9 9.8 ± 4.5 8.3 ± 4.3 
Jelly candy intake 116.3 ± 134.4 88.2 ± 77.9 98.9 ± 123.3 62.3 ± 46.3 
Milk chocolate nutshells 
intake 
107.1 ± 88.1 90.6 ± 84.1 129.8 ± 125.8 96.8 ± 94.6 
Total energy intake 223.4 ± 134.9 178.8 ± 126.2 228.7± 151.5 159.2 ± 106.8 
1
 n = 133 
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Table 2 
Pearson’s correlations between the mode variables1 
 Sex Age Hunger BMI Liking Jelly 
Candy 
Liking milk 
chocolate 
candy shells 
Jelly candy 
intake 
Milk chocolate candy 
shells intake 
Sex (boy=1, girl=0)         
Age (y) -.07
 
       
Hunger on VAS (cm) -.27
2 
.17
3
       
BMI .10 .26
2
 -.11      
Liking jelly candy -.10 -.21
3
 .19
3 
-.10     
Liking milk chocolate candy 
shells 
-.20
3
 -.18
3
 .21
3 
-.15 .56
2 
   
Jelly candy intake  -.16
 
.03 .07 .02 .34
2 
-.02   
Milk chocolate candy shells 
intake 
-.17 -.02 .29
2 
.03 .09 .52
2 
-.13  
Total intake  -.25
2
 .01 .27
2 
.04 .33
2 
.37
2 
.67
2
 .65
2
 
1
 n =133 
2
 p < .01 
3 
p < .05 
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Main analyses 
Results from the GLM showed that the go/no-go task had a significant effect on total 
intake, F (1, 129) = 6.32, p = 0.01, Cohen’s d = 0.44. See Figure 1 for the results. 
Children who conducted the go/no-go food task (M = 169.6 kcal, SD = 117.0 kcal) ate 
significantly less than children who conducted the go/no-go control task (M = 226.0 kcal, 
SD = 142.2 kcal). These results confirm our first hypothesis. We found no significant 
main effect of type of advergame, F < 1. Furthermore, the interaction between the go/no-
go task and type of advergame was not significant, F < 1. The effect of the go/no-go task 
was thus similar for the children who played the energy-dense advergame or the nonfood 
advergame. We found no interaction effect between the go/no-go task and types of snack, 
F < 1, suggesting the food go/no-go task reduced intake similarly for the advertised food 
and the new food. 
 
 
Figure 1. Snack intake in kilocalories as a function of go/no-go task and type of candy. Error 
bars = SE. 
 
Explorative analyses show that the effect of the go/no-go task on total caloric intake was 
effective for both girls, F (1, 69) = 4.087, p = .048, Cohen’s d = 0.50, and for boys, F (1, 
61) = 4.668, p = .04, Cohen’s d = 0.55. Girls who conducted the go/no-go food task (M = 
135.9 kcal, SD = 82.0 kcal) ate less than girls who conducted the go/no-go control task (M 
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= 191.5 kcal, SD = 135.9 kcal). Boys who conducted the go/no-go food task (M = 198.4 
kcal, SD = 137.1 kcal) ate less than boys who conducted the go/no-go control task (M = 
274.6 kcal, SD = 138.9 kcal).  
Finally, we explored whether the effectiveness of the go/no-go task depended on 
whether children guessed that the research was about examining their eating behavior. To 
this end we assigned children to an unaware group (N = 83) when they did not report any 
awareness that the study had to do something with eating (for example, “I have no 
idea…”), and assigned them to an aware group when they at least mentioned some 
relation to eating (N = 45; for example; “if you look at cues with food you get hungry”). 
We found that for the children who reported that they had no idea of the research purpose, 
the go/no-go food task  
reduced intake (M = 166.7 kcal, SD = 114.8 kcal) compared to the control task (M = 
240.9 kcal, SD = 150.7 kcal), F (1, 82)= 5.948, p = .02, Cohen’s d = 0.55. However, for 
children who guessed that the research was about eating behavior, the go/no-go food task 
did not significantly decrease snack intake (M = 171.5 kcal, SD = 121.4 kcal) compared to 
the control task (M = 188.6 kcal, SD =114.1 kcal, p = .66) The interaction between the 
go/no-go task and children’s guesses of the research purpose was, however, not 
significant, p = .27. 
 
Discussion 
The recent obesity epidemic has led to necessary development of new intervention 
techniques to reduce unhealthy eating behavior. Based on previous findings (e.g., Jansen 
& Houben 2011; Lawrence et al., 2015; Veling et al., 2011), this study tested the 
possibility of a short go/no-go task to decrease intake of energy-dense food in children. 
Our expectations were that the go/no-go task would reduce the intake of energy-dense 
food among young children (H1), and especially for those children who played an 
advergame promoting energy-dense snacks before (H2). 
Results showed that the go/no-go task decreased the snack intake among children, 
thereby supporting our first hypothesis. Previous studies have already shown that a short 
stop-signal task can be effective in reducing eating behavior among (young) adults (e.g., 
Jansen & Houben 2011; Lawrence et al., 2015; Veling et al., 2011). This study is the first 
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that shows that the go/no-go task is also effective in reducing impulsive snack intake 
among children.  
Furthermore, we found no interaction effect between the go/no-go task and type of 
advergame, thereby refuting our second hypothesis. The go/no-go task was equally 
effective for the children who played the energy-dense advergame and the children who 
played the nonfood advergame. A possible explanation for this nonsignificant interaction 
is that we found no effect at all of type of advergame on the snack intake, whereas 
previous studies did find that exposure to energy-dense foods in an advergame induced 
eating behavior (Folkvord et al., 2013; 2014; Harris, Speers, Schwartz & Brownell, 2011). 
In the current study, and in contrast to previous studies (Folkvord et al., 2013; 2014), the 
children could not eat while or immediately after playing. After they played the 
advergame they conducted the go/no-go task, and then they had a break in which they had 
the opportunity to eat. This delay in the time (approximately 5 minutes) where they had 
the opportunity to eat could explain why we found no effect of the advergame promoting 
energy-dense snacks, and why we did not find an interaction effect between the go/no-go 
task and type of advergame. Next, we currently used a different and shorter version of a 
memory game than in previous studies (Folkvord et al., 2013; 2014). Therefore, it remains 
to be tested whether the go/no-go task can counteract effects of advertising.  
 Interestingly, we found no interaction effect of the go/no-go task and type of 
candy. The go/no-go task decreased calorie consumption of the jelly candy (that was used 
in the go/no-go task) and the milk chocolate nutshells to the same extent, thereby 
generalizing the effects of the go/no-go task to a different snack. Explorative post hoc 
analyses showed that the effect of the go/no-go task reduced snack intake for both sexes. 
This finding is noteworthy, as previous work using the go/no-go task to reduce eating 
often included mostly (e.g., Lawrence et al., 2015; Veling et al., 2011), or exclusively 
(e.g., Houben & Jansen, 2011) women as participants. 
The go/no-go task reduced the snack intake significantly for children who did not 
mention the study was on eating behavior (in the broadest sense), but not significantly for 
children who responded that the goal was to study eating behavior (in the broadest sense). 
Children who responded that they had no idea of the goal of the study and conducted the 
go/no-go food task ate 30 % less of the snack food than children who conducted the 
go/no-go control task. Post-hoc, this result may be considered consistent with the 
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hypothesis that the go/no-go task influences eating behavior on an implicit level, such that 
intake can be reduced without the children realizing this is caused by performing the 
go/no-go task. Interestingly, the effect of the go/no-go task appeared to be attenuated for 
children who mentioned that the study was about eating behaviour. Perhaps their 
realization that the study was about eating made them respond more controlled to the 
eating situation. However, because we have not asked the children more questions about 
the study goals we are careful with interpreting these results. Future research should 
assess children’s ideas of the go/no-go task more thoroughly to unravel the exact meaning 
of this finding. 
The strength of this study is that we are the first to examine the effect of the go/no-
go food task on energy-dense snack intake among children. The development of obesity 
starts at a very young age and children who are overweight or obese often remain 
overweight or obese during adulthood (WHO, 2003). Therefore, it is important to develop 
new techniques that reduce unhealthy snack intake among children. In this study, we 
provide evidence that a relatively easy to implement technique, the go/no-go task, can 
reduce the snack intake among children to a large extent.   
The first limitation of this study is that we only examined short term effects of the 
go/no-go task. Furthermore, we only tested the effect of the go/no-go task on sweet 
snacks, and not on salty snacks, while both contribute to the childhood obesity epidemic 
(Grimes, Riddell, Campbell & Nowson, 2013). Future research should examine whether 
these findings are generalizable to different categories of snack foods or drinks, like for 
example potato chips and sugar sweetened beverages. Because the go/no-go task also 
reduced the intake of a different kind of energy-dense snack (milk chocolate nutshells), 
we are optimistic about the possibilities of reducing different forms of energy-dense snack 
this intervention technique. Finally, we have not tested the mechanism that explains why 
the go/no-go task is so successful in reducing food intake in children. Previous work in 
adults suggests that food devaluation is a likely mechanism (Ferrey et al., 2012; Veling, 
Holland, & Van Knippenberg, 2008; Veling et al., 2013; Wessel et al., 2014) 
To conclude, our results show that targeting implicit processes of eating behavior 
can be effective in decreasing intake of high-energy snacks in children. In our opinion, 
this study offers important evidence that modifying implicit processes can help to reduce 
unhealthy eating in children. Previous findings showing that the go/no-go task 
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intervention can eventually facilitate weight loss (Veling et al., 2014) suggest this 
approach may be a promising avenue to explore further. 
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The first objective of this dissertation was to establish the effects of advergames that 
promote food on children’s eating behavior. Next, the second objective of this dissertation 
is to examine if children’s food choices after playing an advergame promoting energy-
dense snacks is associated with future weight status. The third objective of this 
dissertation was to examine individual factors that might explain susceptibility to 
advergames that promote food among children. Final, the fourth objective of this 
dissertation was to test whether targeting implicit approach reactions to snack food could 
reduce the effect of advergames promoting food. These objectives were operationalized 
and tested in a number of experiments that reflect specific sub-questions and/or research 
aims. The following sections will be used to summarize the results and discuss these 
findings within a wider framework. 
 
The Effects of Food-Promoting Advergames on Children’s Eating Behavior 
The first specific research aim of this dissertation was to establish the effects of an 
advergame that promoted food on the eating behavior of children. Chapter 2 showed that 
children who played an advergame with energy-dense snacks or fruits had a higher caloric 
intake after playing the game than children who played an advergame with nonfood 
products or who did not play a game at all. Furthermore, the results showed that children 
who played the advergame promoting energy-dense foods ate significantly more energy-
dense food after playing than children who were in the control condition or who played 
the nonfood advergame. Importantly, however, they did not eat more than children who 
played the advergame promoting fruits. It was noted that children playing the advergame 
with fruits also ate more of the energy-dense foods after play than children in the control 
condition or in the ‘nonfood advergame’-condition. Lastly, it should be noted that children 
who played the advergame with fruits did not eat any more fruit after play than children in 
the other conditions.  
Chapter 4 showed that in a different research setting, one in which children were 
able to eat energy-dense snacks whilst playing, playing an advergame that promoted 
energy-dense snacks increased snack intake compared to the condition in which a nonfood 
advergame was played. Chapter 5 showed that children who played an advergame in 
which food advertisements were placed less prominently, that is in the periphery rather 
than the center of the screen, also had a higher snack intake compared to children who 
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played an advergame containing nonfood advertisements. The general conclusion drawn 
from these studies, based on a substantially large group of child participants (N = 646), is 
that food advergames induce energy-dense snack intake during or after play, and do so 
even when levels of (visual) integration of the commercial cues are varied.  
Advertising messages in advergames are much more integrated in the entertaining 
animated games than in traditional food advertisements such as television commercials 
and printed media. Advergames demand more active attention and participation, and 
children consequently pay more, and longer, attention to the food brand than when they 
are watching television programs with commercial breaks (An & Stern, 2011; Cauberghe 
& De Pelsmacker, 2010; Culp, Bell, & Cassady, 2010; Moore, 2006; Thomson, 2010). 
Importantly, it has been shown that children have difficulty identifying these games as 
persuasive, thereby reducing cognitive and critical elaboration of the marketing message 
(Moore, 2006; Moore & Rideout, 2007; Panic, Cauberghe, & De Pelsmacker, 2013; Van 
Reijmersdal, Rozendaal & Buijzen, 2012 ). For example, Nairn and Hang (2012) have 
shown that up to the age of 15 most children do not recognize advergames as 
advertisements.  
In three studies that were conducted for this dissertation (see Chapters 2, 4 and 5), 
this issue of children’s ability to classify the advergame as an advertisement was 
addressed. The results showed that only six percent of the children were successful in 
doing so. Furthermore, only 38%  of the children recalled the brand in the advergame, 
45% recalled the products in the advergame and 62% recognized the brand that was 
promoted. Although previous studies suggested that children start developing an 
understanding of the persuasive intent of advertising at the age of 8 (e.g., Smith & Atkin, 
2003; Valkenburg & Cantor, 2000), this dissertation shows that children up to 10 years of 
age may have great difficulties recognizing the persuasive intent of advergames.  
The Processing of Commercialized Media Content (PCMC) model (Buijzen, Van 
Reijmersdal, & Owen, 2010) suggests that children use a minimum level of cognitive 
elaboration when exposed to advergames. When marketing messages in food advergames 
are highly integrated and difficult to recognize, for example, they will follow the route of 
automatic persuasion processing to process the media message. Such automatic 
processing in turn prevents them from activating possible consumer defenses like 
persuasion knowledge and skepticism (Rozendaal, Buijzen, & Valkenburg, 2010). Given 
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that 85% of the children who took part in the studies described in Chapter 2, 4, and 5 
reported that they liked the game, the positive affect that is associated with the advergame 
might be transferred to the attitude to the brand outside of conscious control. This process 
may well influence children’s food choices without any form of conscious deliberation 
(Buijzen et al., 2010; Nairn & Hang, 2012). Research has consistently shown that despite 
the fact children who have played advergames do not understand that they have been 
exposed to advertising, their opinions, intentions and behavior appear affected nonetheless 
(An & Stern, 2011; Mallinckrodt & Mizerski, 2007; Van Reijmersdal et al., 2012). This 
might imply that the food cues in advergames promoting energy-dense snacks directly 
induced craving for such foods, and sometimes even overruled the longer-term goal of 
receiving a reward by inhibiting responses to consume palatable food (see Chapter 4). 
Studies have shown that food cues activate a series of physiologic responses, 
including increased heart rate, gastric activity, saliva (Nederkoorn & Jansen, 2002), 
heightened activation of the dopaminergic reward system (Castellanos et al., 2009; 
Franken, 2003) and also psychological responses, such as increased attention for food-
related cues (Castellanos et al., 2009; Nijs, Franken, & Muris, 2010a; Nijs, Muris, Euser, 
& Franken, 2010b) and cravings and thoughts about food intake (Berridge, 2009; Carter & 
Tiffany 1999; Nauta, Hospers, Jansen, & Kok, 2000; Saunders & Robinson, 2013) that 
make it more difficult to inhibit responses to advertised food. An important reaction 
exploited by food marketers is that when children see, hear, or smell something that is 
associated with their brand or products, this induces craving for this particular food 
product or group of products, subsequently leading to consumption of the advertised food 
(Klein, 2002; Lindstrom, 2011, 2012; Lindstrom & Seybold, 2003). This food cue-
reactivity might explain why children who played an advergame with food cues ate more 
of the energy-dense snacks than children who played the advergame with nonfood cues 
(Berridge, 2009; Fedoroff, Polivy, & Herman, 1997; Jansen, 1998). The findings 
described in Chapter 2 to 6 offer support for such a food-cue reactivity (Berridge, 2009; 
Jansen, 1998) 
This heightened responsiveness to environmental cues that induce food intake has 
been suggested to be one of the mechanisms promoting overeating - and in the long run, 
weight gain in some individuals (Volkow, Wang, Fowler, & Telang, 2008; Yokum, Ng, & 
Stice, 2012a,b). In particular, modification of behavior through food advertising that 
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occurs at the category level (e.g., the child being more likely to eat more jelly candies), 
rather than at brand level, is an important determinant of problematic eating behavior 
(Boyland & Halford, 2013). This effect is supported by findings in the current dissertation 
(Chapter 2, 4 and 5), illustrated by the fact that advergame promoting energy-dense 
snacks or fruit did not only significantly increase the intake of the advertised candy, but 
also the intake of candy from a different, non-advertised brand. Thus, total intake of foods 
was indeed found to increase with child participants after playing an advergame 
promoting energy-dense snacks. 
 
Long Term Effects of Food Choices After Playing an Advergame Promoting Energy-
Dense Snacks on BMI 
The second research aim of this dissertation was to examine if children’s food choices 
after playing an advergame promoting energy-dense snacks is associated with future 
weight status. Chapter 3 showed that the amount of snack food consumed after playing an 
advergame promoting energy-dense snacks was not associated with future weight status. 
Interestingly, the amount of apple intake after playing an advergame promoting energy-
dense snack was negatively related with children’s BMI two years later, while the results 
showed no significant associations between apples intake and BMI two years later for the 
children in the other conditions. Finally, no associations were found between food choices 
and BMI change. 
Jansen et al. (2003) have shown that overweight children are more vulnerable to 
triggers of overeating. Food cues elicited reactivity-related overeating in the overweight 
children and not among the normal weight children, thereby supporting the idea that the 
classical conditioning between food cues that predict food intake and actual eating behavior 
are stronger in overweight than in normal weight children. The results from the study 
described in Chapter 3 supports this finding, by showing that overweight children ate more 
of the energy-dense snacks on time point one, and maintained this higher BMI over time.  
In addition, children’s apples intake after playing the energy-dense advergame was 
negatively related with BMI two years later. In other words, this suggests that teaching 
children to cope with environmental cues that trigger craving for palatable food by eating 
healthier food, like fruit, might be beneficial to affect body weight successfully. Fruit has a 
high water and fiber content,  is low in energy-density, and stills hunger to a larger extent 
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than energy-dense snacks (Brownell & Gold, 2013 ). In contrast, eating energy-dense snacks 
stimulates overeating, instead of fulfilling the craving that is induced by the food cues 
(Erlanson-Albertsson, 2005; Stice, Spoor, Bohon, Veldhuizen, & Small, 2009; Volkow, 
Wang, & Baler, 2011), thereby possibly resulting in future weight gain.  
In summary, substituting energy-dense snacks, like candy, for fruits, has been shown 
to be an effective strategy to reduce weight in short-term clinical studies (Rolls, Ello-Martin, 
& Tohill, 2004). Previous studies have shown that it may be a better strategy to teach 
children to consume healthy food (Domel et al., 1993; Fisher & Birch, 1999), like fruit and 
vegetables, instead of restricting children to consume palatable foods when craving for food 
has been induced by a food advertisement. Where contemporary dietary approaches for 
obesity prevention attempt to limit intake of energy-dense foods, this might be perceived as 
an unwanted restriction for children who find these foods rewarding (Epstein et al., 2012). 
The feeling that children are restricted can lead to increases in preference for these foods 
among these children (Fisher & Birch, 1999). Therefore, it might be more beneficial to teach 
children to consume healthy high-nutrient dense foods when they feel craving for food 
(Domel et al., 1993).   
This adds to the scientific literature in that it was the first study that examined 
whether children’s food choices after a food advertisements were associated with future 
weight gain among children, with a large group of representative children. More research is 
required to unravel the effect of food choices on BMI after being primed by food 
advertisements to eat energy-dense snacks, especially because childhood obesity remains a 
major health concern worldwide and food companies continue to improve their marketing 
strategies to effectively persuade children. The onset of choosing particular foods over 
others, for example energy-dense snacks over fruit, may start at an earlier age. Therefore, it 
might be important to assess food choices of younger children after playing an advergame 
promoting energy-dense snacks then has been tested in Chapter 3. The accumulation of food 
advertisements might be a major contributor to the obesity rates, but long-term effects of 
food advertising have not been examined intensively. Dietary intake of young children is an 
important predictor of future eating behavior and weight status, making it important to 
investigate the role of food marketing on children’s food choices (Brownell & Gold, 2013; 
Jansen et al., 2003).  
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Individual Susceptibility to Food Advertising Effects 
The third research aim of this dissertation was to examine individual factors that might 
explain susceptibility to food advertisements, specifically with regard to children. Two 
main predictors of individual susceptibility were examined: impulsivity and attentional 
bias.  
 
The Role of Impulsivity as an Individual Susceptibility Factor 
Chapter 4 showed that using rewards to persuade children to refrain from eating was more 
difficult in the energy-dense advergame condition than in the nonfood condition. This 
result show that food advertisements influence impulsive eating behavior, as well as 
making it difficult to regulate this type of eating behavior. Most of the children who 
played the advergames reported that they were very motivated to gain the reward and 
were not hungry at all, but still had great difficulties to inhibit their food intake. 
Particularly impulsive children playing the energy-dense advergame found it difficult to 
refrain from eating. It is conceivable that impaired inhibitory control makes impulsive 
children more vulnerable to rewarding palatable food, especially when stimulated by 
entertaining food advertisements. The general conclusion from this study is that impulsive 
children are more susceptible to food advertisements than less impulsive children.  
Drawing firm conclusions based on these findings goes with necessary caution, 
since the results described above are derived from only one study. On the other hand, a 
considerable number of studies have established the importance of impulsivity in eating 
behavior (Dawe & Loxton, 2004; Guerrieri, Nederkoorn, & Jansen, 2008; Nederkoorn, 
Braet, Van Eijs, Tanghe, & Jansen, 2006; Tetley, Brunstrom, & Griffiths, 2010; 
Verbeken, Braet, Claus, Nederkoorn, & Oosterlaan, 2009). For example, Nederkoorn, 
Coelho, Houben, Guerrieri, and Jansen (2012) have shown that impulsivity is a 
psychological factor that is strongly related to overeating and eventually to obesity. 
Impulsive individuals are found to be more susceptible to immediate rewards for all kinds 
of substances, including energy dense foods (e.g., Dawe & Loxton, 2004; Guerrieri et al., 
2008; Tetley et al., 2010; Verbeken et al., 2009). Moreover, it has been shown that 
overweight and obese children scored lower on tasks measuring inhibitory control and 
executive functioning (Batterink, Yokum, & Stice, 2010; Nederkoorn et al., 2006; 
Verbeken et al., 2009).  
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This dissertation adds important new insights to the existing body of scientific 
literature by showing that impulsive children have more difficulties to inhibit their 
responses to food during a food advertisement than less impulsive children. Impulsivity 
has already been shown to be an important factor that influences eating behavior, but this 
has now been substantiated in an experimental setting using food advertisements.  
 
The Role of Attentional Bias as an Individual Susceptibility Factor 
Chapter 5 showed that children with a greater attentional bias for food cues ate more of 
the energy-dense snacks. More specifically, children playing the advergame promoting 
energy-dense snacks who showed a faster latency of initial fixation and a longer gaze 
duration had a higher intake of energy-dense snacks than children playing the advergame 
promoting energy-dense snacks who showed a slower latency of initial fixation and a 
shorter gaze duration. Chapter 6 showed that overweight and hungry children had a 
greater attentional bias to food cues compared to normal weight or less hungry children. 
The general conclusion from these studies is that visual attentional bias for food cues in 
advertisements is moderating the effect of food advertisements on eating behavior. 
Taken together, these findings support the attentional bias theory (Field & Cox, 
2008). This theory suggests that when people have an increased motivation to receive or 
avoid a rewarding substance, energy-dense food being a good example, they show 
increased attention towards cues that are related to that specific substance (Castellanos et 
al., 2009; Field & Cox, 2008; Nijs et al., 2010a,b). During the past two decades, an 
increasing number of studies have indeed shown that attentional bias for food cues is 
related to eating behavior (Castellanos et al., 2009; Field & Cox, 2008; Nijs et al., 2010a, 
b).  
Via classical conditioning, a substance-related cue may acquire incentive-
motivational properties and directs behavior to consume the related food (Robinson & 
Berridge, 1993). Being responsive to food-related stimuli is considered to be essential to 
survival of the species, and particularly in this context, energy-dense foods have become a 
rewarding and wanted substance (Gerber, Williams, & Gray, 1999). Nowadays, however, 
in the modern Western environment, this effective mechanism to detect sources of 
possible future energy intake may contribute greatly to the overconsumption of calories. 
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The overwhelming presence of high-caloric foods as well as food-related cues in 
contemporary societies stimulates excessive food consumption, and it has been argued 
that this is the single most important lifestyle factor that accounts for increased obesity 
rates (Westerterp & Speakman, 2008). Studies have for example found that obese 
individuals show increased intake after salient external food-related stimuli compared to 
normal-weight individuals (Halford et al., 2008a; Halford, Gillespie, Brown, Pontin & 
Dovey, 2008b; Halford, Boyland, Hughes, Stacey, McKean, & Dovey, 2008). As 
Castellanos et al. (2009, p. 1063) write, “[t]he ability of these ubiquitous visual stimuli to 
interact with the brain’s reward system and trigger motivated behavior may play a 
significant role in excessive food intake and resultant obesity”.  
Referring back to our own research, the amount of attention paid to food cues in 
food advertisements might affect the craving for the advertised food, subsequently leading 
to an increased consumption of the energy-dense snacks. If children who allocate faster 
and more attention to food cues in different situations, for example in schools or at home, 
are more likely to overeat, then the behavioral response to this attentional bias will be 
difficult to manage in an environment with omnipresent and attractive food cues. This 
would imply that these children are more susceptible to becoming overweight, or have 
problems with maintaining a healthy diet in daily life (Stice, Spoor, Ng, & Zald, 2009; 
Yokum et al., 2011a,b).  
A major concern among health professionals is that attentional biases and craving 
for rewarding substances are reciprocally related. In other words, attentional biases for 
energy-dense food might elicit cravings, and cravings in turn can trigger attentional biases 
for such food, thereby stimulating a preoccupation with energy-dense food (Nijs et al., 
2010a,b). Schachter (1971) has shown that the eating behavior of overweight and obese 
individuals might be more determined by salient external food-related stimuli than is the 
eating behavior of normal weight individuals. Overweight and obese individuals were as 
responsive to salient food cues in a state of satiety as in a state of hunger, whereas normal 
weight individuals’ reactivity to food cues interacted with hunger levels (Castellanos et 
al., 2009; Schachter, 1971). In parallel, this dissertation (Chapter 6) has shown that 
overweight as well as hungry children show greater attentional bias to food cues 
compared to normal weight or less hungry children.  
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These findings contribute greatly to the existing literature by supporting the idea of 
a reciprocal relation between attentional bias and craving (for a review see Herman & 
Polivy, 2008). Children with attentional biases for energy-dense foods elicited cravings 
and induced subsequent food intake, and in return, children with cravings triggered 
attentional biases for energy-dense food. 
 
Reducing the Effect of Food Advertisements on Eating Behavior 
The fourth research aim of this dissertation was to examine whether an intervention could 
reduce children’s snack intake after playing an advergame that promotes energy-dense 
snacks. Chapter 7 showed that the ‘go/no-go’-task was indeed effective in reducing snack 
intake among children. Furthermore, no interaction effect was found between the ‘go/no-
go’-task and the type of advergame, showing that the ‘go/no-go’-task was equally 
effective for children who played the energy-dense advergame as well as for children who 
played the nonfood advergame. The conclusion that can be drawn from this study is that 
the snack intake of energy-dense foods might be reduced using intervention techniques 
that target implicit reactions to palatable foods.  
 Intervention techniques that try to remedy childhood obesity focus on explicit 
factors, such as providing children with information on nutrition and fostering physical 
activity, have shown limited success to date (Sobol-Goldberg, Rabinowitz, & Gross, 
2013). One reason for such limited effects might be that palatable food or food-related 
cues induce implicit and automatic eating behavior (Cohen, 2008). Psychological and 
behavioral-economic models of self-regulation, such as the dual-process model (e.g., 
Hofmann, Friese, & Wiers, 2008), stipulate that eating behavior is for a large part 
influenced by implicit-associative cognitive processes that steer behavior toward food in a 
way that seems impulsive and which eludes control from outside (e.g., Cohen, 2008; 
Metcalfe, & Mischel, 1999; Strack & Deutsch, 2004; Wiers & Stacy, 2006). Food cues of 
palatable foods can trigger psychological processes that facilitate eating behavior toward 
the intake of these foods, despite intentions to the contrary or wishes to act otherwise 
(Hofman et al., 2008; Strack & Deutsch, 2004)   
Given these findings, it might be beneficial to train automatic and implicit reactions 
toward energy-dense snacks in an attempt to decrease daily caloric intake (Hall, 2012, 
Veling, Aarts, & Papies, 2011; Veling, Aarts, & Stroebe, 2013). This would be especially 
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salient in a society where the availability of palatable foods may activate eating behavior 
throughout the day. Various studies with adult participants have shown that after pairing 
foods with ‘no-go’-cues, impulsive consumption of, and choices for, such foods are 
reduced (e.g., Houben & Jansen, 2011; Lawrence, Verbruggen, Morrison, Adam, & 
Chambers, 2015; Veling et al., 2011, 2013). Up until now, research had shown that the 
unintended impulses towards palatable foods of adults can be modified by presenting 
behavioral stop signals near palatable foods (Houben & Jansen, 2011; Veling et al., 2011, 
2013).  
The results of the study discussed in Chapter 7 show that this task is also effective for 
children, independently for type of advergame the children played before the ‘go/no-go’-
task. In this study, there was no main effect of type of advergame on snack intake, 
possibly because the advergames were modified to a large extent, and children could only 
eat after they have played the advergame and the ‘go/no-go’-task, compared to the other 
studies, where they could eat while or just after playing. Future studies should test the 
effects of the ‘go/no-go’-task with identical advergames as in the studies reported in 
Chapter 2 and Chapter 4.  
Thus, this dissertation adds an important insight to the existing body of literature in 
showing that a short ‘go/no-go’-task is an effective method to reduce snack intake among 
children. Palatable food is omnipresent in contemporary societies, thereby inducing 
children’s unhealthy eating behavior throughout the day and contributing to the childhood 
obesity epidemic at large. Training children via an implicit intervention technique might 
be an effective method to reducing the child’s daily energy-intake.  
 
An Integrated Theoretical Framework 
This sections seeks to provide a synthesis of the empirical evidence carried out in the 
context of this dissertation in support of an integrated theoretical framework, applied to 
the effects of food cues in advertisements on eating behavior. The findings from the 
current body of work suggest that organizing, integrating and extending insights from a 
number of existing theoretical models will improve the understanding of food advertising 
effects on eating behavior. In addition, such an integrated framework may be used as a 
guideline for future research. 
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Proposed Integrative Model: Reactivity to Embedded Food Cues in Advertising 
Model 
A new integrative model is proposed here on the basis of findings from this dissertation, 
as well as on a review of existing theories that explain the effects mentioned above. This 
model is visualized in Figure 1 and is termed the Reactivity to Embedded Food Cues in 
Advertising Model (REFCAM). The foundational assumptions of the REFCAM (see 
Figure 1) are as follows: (1) the level of processing highly embedded food cues in 
advertisements influences the effect of the food cues, (2) by inducing physiological and 
psychological reactivity that leads to a reciprocal relation with eating behavior, and (3) 
individual dispositional factors determine susceptibility to food cues in advertisements.  
As Figure 1 suggests, the level of processing of food cues influences the cue 
reactivity effect on the cues. The lower the level of cognitive capacity used to process the 
food cues, the stronger the reactivity to these cues is. For example, different studies have 
shown that food advertisements on television have a small effect on food intake (Boyland 
& Halford, 2013; Halford et al., 2008a,b; Halford et al., 2004), while the studies described 
in this dissertation have shown that advergames promoting food have a relatively strong 
effect on food intake among children (see Chapters 2, 4, and 5). Terlutter and Capella 
(2013) showed that advergames have the highest level of embedded advertising, thereby 
reducing cognitive attention to process the food cues.  
As the PCMC-model (Buijzen et al., 2010) suggests, there is not enough cognitive 
capacity available to activate skepticism regarding the intention of the commercial 
message, as cognitive capacity is engaged elsewhere in these new forms of food 
advertising (Nairn & Hang, 2012). Food cues in such advertisements are processed 
automatically as a result, and they tend to have a strong effect on food intake (see 
Chapters 2, 4, and 5). Because the food cues in advergames are processed automatically 
and without any form of deliberation in most children (Buijzen et al., 2010; Nairn & 
Hang, 2012), children are affected on a subconscious level. They cannot regulate food 
intake and sometimes overeat themselves, beyond homeostasis of their hunger levels (see 
Chapter 4). As a consequence of allocating a lower level of cognitive processing to food 
cues, these cues trigger physiologic and psychological responses (e.g. increased attention 
for food-related cues; see Chapter 5 and 6) that subsequently motivate food intake. 
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Figure 1: Reactivity to Embedded Food Cues in Advertising Model (REFCAM). 
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This is particularly relevant with regard to children who are more susceptible to 
food related cues, such as impulsive children or children who have an increased 
motivation to receive or avoid the advertised food or snack (Nijs et al., 2010a,b). In the 
long run, eating these energy-dense foods may thus result in neurological sensitization of 
these foods, according to the incentive-sensitization theory (Berridge, 2009; Robinson & 
Berridge, 1993, 2001). This in effect means that reactivity to food-related cues becomes a 
stronger predictor of subsequent food intake, and an increased food intake in turn 
reinforces the reactivity to food cues, resulting in the stimulation of a reciprocal relation 
between food cue reactivity and food intake.  
Furthermore, the REFCAM suggests that the complete path from food cues in 
advertisements affecting palatable food intake, occurs via cue-reactivity and through 
classical and operant conditioning. Substance-related stimuli elicit the expectancy of 
substance availability, exhibited for example in an attentional bias for substance-related 
stimuli and subjective craving (Field & Cox, 2008; Berridge, 2009). Frequent 
overconsumption of highly palatable foods lead to neuroadaptive changes in pathways 
involved in the regulation of appetite (Brownell & Gold, 2013). Eating of palatable food is 
originally driven by pleasure and reward, but may over time become addictive and 
compulsive (Davis & Carter, 2009).  
The Incentive-Sensitization Model of obesity (Berridge, 2009) suggests that obese 
children have acquired an enhanced susceptibility to food cues over time, and are 
therefore affected by cues that are related to future food intake more strongly.  Some 
evidence for the reciprocal relation between cue reactivity and food intake, named the 
incentive-sensitization process in the REFCAM, was found by Bruce et al. (2012). They 
showed that food brand logos hyper-activated neural regions that are related to self-
regulation areas (i.e., bilateral middle/inferior prefrontal cortex) among obese children, 
but not in lean children. As a consequence, some children will have a greater tendency to 
consume more unhealthy and rewarding snacks after exposure to food advertisements that 
trigger their reward system than others. The intake of these foods in turn leads to 
neuroadaptations, and the reinforcing value over repeated presentation of energy-dense 
snacks increases (Temple & Epstein, 2012). This makes children even more susceptible to 
cues that are related to the intake of these food, such as food advertisements.  
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Importantly, not all children process and react to these cues to the same extent, as 
has been suggested by the Differential Susceptibility to Media Effects Model (Valkenburg 
& Peter, 2013). Individual dispositional factors, primarily, impulsivity and attentional 
bias, are vital both for a new theoretical model to explain our recent findings, as well as in 
understanding the variability in the processing of food cues in advertisements, the cue-
reactivity to these cues and subsequent palatable food intake. This dissertation has shown 
that impulsive children (Chapter 4) and children with a greater attentional bias to food 
cues (Chapter 5) are more susceptible to food advertisements than less impulsive children 
and children with less attentional bias to food cues.  
  The relevance of the REFCAM is envisioned to be particularly pronounced for 
researchers, parents, teachers, health professionals, and policy makers. In addition, it 
seems essential to gain more insight into the how and when of underlying individual 
susceptibility factors (e.g., impulsivity and attentional bias) moderating the effect of food 
cues on food intake. Such insights may make it possible to develop effective intervention 
strategies and address general prevention more adequately. In addition to addressing the 
general question how integrated food cues in advertisements affect eating behavior in 
more fine-grained detail, future research may be needed to test the model proposed here.  
 
Guideline for Future Research 
The REFCAM explains the findings from this dissertation and hopes to stimulate new 
research questions in the future. First of all, it appears that newer forms of food marketing, 
for example advergames, typically embed marketing messages in advertisements more 
extensively than traditional advertising (Buijzen et al., 2010; Nairn & Hang, 2012). 
Research should address whether these immersive forms of food advertising have a 
stronger effect on children’s eating behavior than more traditional food advertisements.  
Such a study may well include an examination of the exact role of cognitive 
processing levels of the food cues in advertisements on the basis of cue-reactivity and 
subsequent food intake, as suggested by the PCMC-model (Buijzen et al., 2010). 
Although this dissertation has shown that advergames promoting energy-dense snacks had 
a strong and robust effect on food intake, these results were not compared to more 
traditional forms of food advertisements. This might be another avenue for further 
research, therefore. 
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Second, this dissertation has not addressed the exact mechanism underlying the 
effects of food cues in advertisements that seek to influence eating behavior. Although the 
REFCAM suggests that food cues induce cue reactivity and subsequent food intake, the 
exact mechanism needs future study. Two experiments (Chapter 4 and 5) have shown that 
attentional bias is moderating the effect of food cues on eating behavior, but new research 
should focus on the different cue reactions to food cues in order to shed further light on 
the effects of food advertisements on food intake. It may be interesting, for example, to 
investigate if food advertisements influence craving by studying physiological responses 
that prepare children for future intake, such as saliva or hormonal responses (e.g., insulin, 
ghrelin), when they are exposed to food advertisements (Berridge, 2009). Moreover, 
studies have shown that adults who are obese show increased salivary responses and 
craving after exposure to food cues, compared to normal weight adults (Ferriday & 
Brunstrom, 2011; Wooley, Wooley, & Woods, 1975).  
These findings suggest that weight status explains the effects of food cues on snack 
intake, but this has not been examined among children, nor with food advertisements as 
stimulus material. In addition, it would be interesting to examine if brain areas related to 
the reward system are activated when children are exposed to food advertisements. For 
instance, researchers have found heightened activity in the insular cortex, orbitofrontal 
cortex and the amygdala of both overweight children and adults when they encountered 
food cues (Volkow & Wise, 2005; Wang et al., 2004). Such a study has not been 
replicated using food advertisements, however. In addition, it seems important to examine 
brain responses to food advertisements that advertise products that are highly palatable, 
like foods high in fat and sugar, since these foods are related to overeating and obesity 
(WHO, 2009, 2013).  
Third, future research should examine whether, and how, the accumulation of food 
intake and exposure to food advertisements influences the classical and operant 
conditioning of food cues and subsequent intake of palatable food among children. The 
REFCAM considers the effect of food cues in advertisements on food intake (via cue-
reactivity) as a process of classical and operation conditioning, but it is unclear at what 
age this development sets in. Although this dissertation focused on children between 8 and 
10 years of age, it is noted that the attentional bias to food cues might have already 
developed at an earlier age. Clinical evidence suggests that the specific nutritional 
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environment during early development may affect later eating behavior, as well as the 
metabolic state of the offspring (Brion et al., 2010). High-energy maternal dietary intake 
might thereby stimulate specific food preferences in children, thereby also increasing the 
probability to become obese at a later age (Morgenstern, Barson, & Leibowitz, 2013). 
Peptide systems of the hypothalamus function in the tight regulation of energy balance by 
responding to peripheral hunger and satiety signals. Despite the fact that these systems are 
already affected in the womb and might affect children’s susceptibility for food cues at a 
later age, this has not been examined. Future research should address whether children’s 
reactivity (i.e., attentional bias, craving, heightened activation in brain areas related to 
eating behavior, increased intake) to food cues of palatable food is partly determined by 
maternal dietary intake in early development.  Longitudinal studies are required to 
examine such long-term effects of the accumulation of child-directed food advertising, 
and how individual susceptibility factors moderate these effects on eating behavior.  
Fourth, the REFCAM suggests that intervention studies may target a number of 
different mechanisms that are responsible for the effects of food cues on palatable food 
intake. For example, future research should address if increased advertising literacy for 
children, possibly via training or education, could increase the level of cognitive 
processing of the food cues. This could foster children’s skepticism towards the 
advertisements and thereby possibly decrease the cue-reactivity to such food cues. 
Although some studies have failed to show that advertising literacy is linked to 
susceptibility to nonfood advertising (Rozendaal et al., 2010; Rozendaal, Lapierre, Van 
Reijmersdal, & Buijzen, 2012), others (Livingstone & Helsper, 2006) have found that 
literacy levels differ by age and the effects of food advertising are indeed dependent on 
advertising literacy. 
Future research should address how training or educating children to process food 
advertisements more consciously, at a higher level of cognitive processing, affects cue-
reactivity to food cues in advertisements. Future research should also address the 
inhibition of palatable food responses in young (impulsive) children. Such a study would 
additionally have to investigate the effectiveness of training or educational programs in 
reducing susceptibility to food cues, reduce the incentive-sensitization process, and 
ultimately protect such children from becoming overweight or obese. The results from 
Chapter 3 have shown that children who consumed more apples after playing an 
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advergame promoting energy-dense snacks had a lower BMI two years later than children 
who consumed less apples, thereby suggesting that training children to consume fruit after 
being primed with cues of palatable food might be an effective prevention or intervention 
technique. 
Although Chapter 7 has illustrated that a short ‘go/no-go’-task was effective in 
reducing snack intake among children, research testing the effectiveness of inhibiting cue-
reactivity to food cues among children is scarce. Compared to adults, inhibition training to 
control reactivity to food cues could be especially beneficial for children, because young 
children are still developing their inhibition system and are very susceptible to rewarding 
and palatable food (Luna, Padmanabhan, & O’Hearn, 2010). Starting with such training 
programs at an early age could thus speed up the learning curve. What is more, the 
extinction of a classical conditioning relationship between food cues and subsequent 
intake seems to be successful among adults (Vielleux & Skinner, 2015), but this has not 
been studied in children. Because classical conditioning of food cues and food intake 
possibly occurs at a relatively young age already, children are a very interesting focus 
group.  
Research should address whether a ‘go/no-go’-task or the extinguishing of 
classically conditioned behavior can be implemented in treatments of overweight and 
obese children to reduce the incentive-sensitization between cue reactivity and subsequent 
food intake (in addition to existing intervention techniques, that is). Such implicit training 
tasks might increase the effectiveness of existing intervention programs and reduce the 
susceptibility to palatable food or food-related cues, in addition to subsequent intake of 
palatable foods among children. In tandem with existing interventions, having children 
conduct such training tasks on a daily basis and over a longer period of time might 
diminish the rewarding expectations of the palatable food, thereby decreasing the intake 
of such foods.  
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This chapter describes three societal implications of the current research findings 
combined with findings from previous research. First, the relation between food 
advertising and the recent increase in childhood obesity will be discussed. Second, the 
relation between food advertising and food addiction will be outlined. Third, the 
implications of this dissertation with reference to the regulation of food marketing will be 
discussed. Final, this chapter will finish off by briefly discussing the final comments on 
this dissertation. 
 
Childhood Obesity 
In the last three decades, both media use among children (Ofcom, 2014) as well as 
childhood obesity (WHO, 2013) have increased drastically, and they appear to be still on 
the rise at present. An obvious question that emerges is whether these two trends are 
associated, in that more frequent media use is related to increased weight gain in children. 
Results of several studies addressing this question have indeed shown a positive relation 
between media use, energy intake and weight status over time in children (see for reviews 
Marshall, Biddle, Gorely, Cameron, & Murdey, 2004; Must & Tybor, 2005; Strasburger, 
Jordan, & Donnerstein, 2010).  
Food marketers have adapted and expanded their marketing strategies to the 
developments in media use among children to increasingly persuade children to consume 
the advertised brands and products (FTC, 2012). For example, in addition to 
advertisements in traditional media, food companies are increasingly making use of online 
forms of food marketing. In addition, the overwhelming presence of food advertising does 
not only stimulate the consumption of unhealthy, high energy-dense snacks (Blundell & 
Cooling, 2000), but is also associated with insufficient fruit and vegetable consumption, 
which is especially problematic for children (Nestle, 2013; RIVM, 2012).  
As is illustrated in this dissertation (Chapter 2, 4, and 5), advergames were 
effective in inducing eating behavior of energy-dense snacks among children. Chapter 2 
has shown that children who played an advergame promoting energy-dense snacks or fruit 
preferred to consume energy-dense snacks rather than fruit (although both were freely 
available). Furthermore, Chapter 3 showed that children who consumed apples after 
playing the advergame promoting energy-dense snacks, had a lower BMI two years later, 
while the same associations were not found within the other conditions. Importantly, 
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children who already had a lower BMI when they played the advergame promoting 
energy-dense snacks ate more apples after playing, while children who had a higher BMI 
ate more of the energy-dense snacks, so it seems that children between eight and ten years 
already have developed a reactivity to palatable food cues.  
In an “obesogenic society” (Wardle, Carnell, Haworth,  & Plomin, 2008), which is 
characterized by an abundance of highly palatable food items and the presence of food-
related cues, people are frequently exposed to attractive food and food-related cues which 
induce unhealthy rather than healthy eating behavior. Because the advertised foods are 
also highly available, leading experts argue that the accumulation of food advertisements 
plays a major role in the recent increase in the consumption of energy-dense snacks, 
which has ultimately led to the childhood obesity epidemic (Boyland & Halford, 2013; 
Brownell & Gold, 2013; WHO, 2003, 2009, 2013). For example, Lobstein and Dibb 
(2005) found a significant and positive correlation between levels of overweight in nine 
countries and the number of television advertisements for sweet or fatty food broadcasted 
in a 20-hour period. In addition, Zimmerman and Bell (2010) found that there was a 
significant association between commercial viewing in 1997 and BMI z-score in 2002 for 
children between the ages of zero and six. Because most food marketing advertises 
energy-dense snacks, and not fruit and vegetables, it is considered to be more difficult for 
children to consume enough fruit and vegetables.  
A recent food consumption survey conducted in the Netherlands by the National 
Institute for Public Health and the Environment (RIVM, 2012) found that only one to two 
percent of children (7-18 years) met the recommendations for vegetables. The RIVM 
(2012) states that, in contrast to the consumption of vegetables and fruit, the proportion of 
saturated fatty acids, salt, and sugar in the diet is too high. To prevent them from 
becoming overweight or obese and developing non-communicable diseases, a healthy 
dietary pattern is important - especially for children.  
Food companies have been afforded a great deal of latitude in marketing products 
to all parts of the population, including young children. And although companies use their 
constitutional right to the freedom of speech in their “commercial speech” (Harris, 
Pomeranz, Lobstein, & Brownell, 2009), it may be questioned whether it might not be 
justified to restrict marketing efforts, especially those directed at children, when some of 
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these advertised foods might contribute to childhood obesity (Brownell & Gold, 2013).
   
Addiction to Sugar and Fat 
Recent studies have shown that highly palatable food, by and large food that contains a 
high proportion of sugar and fat, competes for the same neurotransmitter receptors as 
drugs, nicotine and alcohol (Ahmed, Avena, Berridge, Gearhardt, & Guillem, 2013; 
Mason & Higley, 2013;Volkow, Wang, Fowler, & Telang, 2008). Because the main aim 
of food marketers is to stimulate the consumption of advertised food, and most food 
advertisements promote food that is high in sugar and fat, a discussion of whether there is 
a link between food advertising and food addiction seems appropriate. The current 
dissertation has shown that advergames that promote food are successful in their aim to 
induce the intake of palatable food. In addition these finding may be especially alarming 
given the recent development of food companies using neuromarketing research to assess 
how, in an attempt to increase sales, certain brain areas related to reward can be activated 
more effectively (Ariely & Berns, 2010; Bruce et al., 2012; Lindstrom, 2011; 2012). 
Reward from food is processed by a complex neural system (Berthoud, 2006; 
Volkow, Wang, & Baler, 2011), and studies have shown that sugar and fat consumption 
induces increased activation in these brain systems (Ahmed, 2013; Berthoud, 2013). It is 
therefore suggested that food products that contain a large amount of sugar and fat can 
activate or stimulate addictive reactions. From a scientific standpoint, food addiction can 
be defined as a chronic relapsing problem caused by various fundamental factors that 
increase craving for food or food-related substances, leading to a state of heightened 
pleasure, energy or excitement (Wang, Volkow, Thanos & Fowler, 2009).   
The increase in food advertising might attain, maintain, or regain in individuals an 
addiction to products that contain a large percentage of fat and sugar. In the current 
dissertation, and in parallel with the food advertised in various advergames used by large 
food companies, the food that was promoted in the advergame containing energy-dense 
snacks contained a large percentage of sugar (for example, the jelly candy that was 
advertised contains 46% sugar). As a result, children who played an advergame promoting 
energy-dense snacks ate 96 kcal more of these energy-dense snacks than children who 
were in the control condition (see Chapter 2), thereby enhancing addictive behavior to 
palatable food.  
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As Harris (2013, p. 382) states, “[i]ncreasing evidence that sugar and other caloric 
sweeteners have addictive properties, together with skyrocketing obesity rates, indicates 
that limiting sugar consumption should be a beneficial health initiative. However, the 
enormous volume of advertising for foods high in sugar provides a continuous reminder 
of the rewards of consuming highly sweetened products.” In addition to the intrinsic 
rewarding effects of the intake of palatable food (Avena, Potenza & Gold, 2015;Volkow, 
Wang, Fowler, Tomasi, & Baler, 2012), food marketers try to increase the expectation of 
the advertised food to a level at which it is perceived as maximally rewarding; thus 
stimulating consumption of the advertised food and the potential overeating of highly 
palatable food (Boyland & Halford, 2013). 
As the Reactivity to Embedded Food Cues in Advertising Model suggests, the 
incentive-sensitization process between cue-reactivity and the intake of palatable food 
high in fat and sugar modifies the dopaminergic meso-limbic system. This is done in such 
a way that the system becomes more responsive to substance-related stimuli such as food 
advertisements, and allowing those same stimuli to affect behavior by inducing a 
motivational state of craving (Robinson & Berridge, 2001). This motivational state, which 
is mediated by an increased level of dopamine in the brain (Ahmed, 2013; Avena et al., 
2015; Volkow et al.,  2012), serves to draw attention to those stimuli that are predictive of 
reward. Chapter 4 has shown that attentional bias for food cues in the advergame led to an 
increased intake of energy-dense snacks. In addition, Chapter 5 has shown that overweight 
and hungry children had a higher attentional bias than normal weight children and 
children who were not as hungry.  
These findings support the incentive-sensitization process and suggest that food 
advertisements activate the same addictive mechanisms that drug and alcohol users 
experience when they encounter substance-related stimuli. Mason and Higley (2013) state 
that “[i]f the characterization of excessive food consumption as a possible addictive 
behavior is accurate, there may be important implications for the prevention and treatment 
of excessive food consumption. Perhaps the most important implication is the potential 
impact of highly available energy-dense foods and the advertising to promote its 
consumption. The widespread availability and aggressive advertising of unhealthy foods 
may play on cue-triggered relapse to derail public health interventions aimed to decrease 
consumption of these unhealthy foods”.  
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Policy Implications 
Taken together, the findings from the current dissertation suggests a stricter regulation of 
food marketing directed at children. Food advertising contributes to childhood obesity and 
the development of addiction to sugar and fat. While going against regulations from 
governmental institutions and self-regulation statements by major food companies, many 
of the recent content analyses and experimental studies have shown that food-related 
advergames primarily directed at minors still tend to promote unhealthy eating habits 
(Kelly et al., 2010; Nairn & Hang, 2012; Schwartz, Kunkel, & Delucia, 2013; Staiano & 
Calvert, 2012).  
Existing regulations and self-regulation initiatives do not appear to succeed in 
countering the phenomenon of online promotion of unhealthy food, which poses more 
difficult challenges compared to regular means of advertising (Boyland & Halford, 2013; 
Nairn & Hang, 2012). For example, the presence and visibility of protective measures 
such as ad breaks and requests of parental permissions were found to be insufficiently 
present with regard to agreements that were set by self-regulations of major food 
companies (as well as co-regulations by major food companies in a combined agreement 
with governments; European Commission, 2015). Paek et al. (2014) have shown that 87% 
of food advergames do not include age limit specifications and 71% included ad breaks. 
In addition, it was found that only about half of the examined studies had information 
about healthy lifestyles, while agreements between companies and governments stated 
that these had to be included on all websites.  
These findings support that industry self-regulation, or co-regulation, for that matter, 
has not substantially improved food marketing to children (Ustjanauskas, Harris, & 
Schwartz, 2014). Clearly labeling online games as advergames seems necessary in order 
to demonstrate to children that these games are not regular games, as children up to the 
age of 15 have been shown not to recognize advergames as advertisements (Nairn & 
Hang, 2012). 
Given children’s vulnerability to food marketing messages, progress in the regulation 
of food marketing to children is needed to protect them from such excessive exposure. 
Various scholars have sought to inform policy makers with substantial and consistent 
scientific evidence that the marketing of energy-dense snacks with low nutritional value is 
a modifiable risk factor for non-communicable diseases, and that it is strongly linked to 
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the international obesity crisis (WHO, 2009). Chou, Rashad and Grossman (2008) have 
shown that banning food advertising for unhealthy foods would reduce the number of 
overweight children between the ages of 3 and 11 years with 18%.  
As is amply demonstrated in this dissertation, advergames are effective in stimulating 
the consumption of unhealthy foods. Furthermore, advergames boost children’s 
behavioral intentions regarding the brands that are advertised. In addition to this, studies 
have shown that persuasion knowledge alone does not seem to reduce the effects of 
advergames, thereby making it hard to believe it would be effective to implement forms of 
protective measures in the food advertisements (Panic, Cauberghe, & De Pelsmacker, 
2013; Rozendaal, Lapierre, Van Reijmersdal, & Buijzen, 2011). Food cues in advergames 
may curb the effectiveness of this new form of food advertising, irrespective of the fact 
that children realize they are being persuaded.  
Even though the “perfect” experiment, where there are no alternative explanations for 
the research findings next to the manipulated and controlled independent variables, which 
cannot be conducted due to ethical and methodological issues, seems necessary to provide 
policy makers with the definitive evidence to substantiate decision making in the matter, 
the precautionary principle strongly suggests the restriction of food advertising to young 
children (Livingstone, 2005). The marketing of food high in fat, sugar and salt is found to 
be an important determinant in the etiology of childhood obesity, and stronger regulation 
should therefore be considered (WHO, 2013). 
 
Final Comments 
This dissertation has shown that a relatively new form of food marketing, advergames, 
increases children’s actual unhealthy snack intake in different research settings, and that 
individual characteristics (i.e., impulsivity and attentional bias) explain differences in 
susceptibility to food advertising among young children. Children who cope with the 
attractive food cues in the advergames and consume healthier food, such as apples, after 
being primed with these cues, have a lower BMI two years later. In times of increasing 
child obesity rates and related rises in health service utilization and costs, a public debate 
on advertising techniques that attempts to persuade children subconsciously seems timely. 
Young children do not recognize advergames as advertisements and, as a consequence, 
they cannot activate defensive strategies towards such forms of persuasion. In addition, 
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food cues in advertisements induce automatic physiological and psychological responses, 
making it uncertain whether children would be able to inhibit their responses to food 
advertisements even if they were to recognize the advergames as persuasive. Intervention 
techniques targeting implicit approach reactions to snack food in children seem promising, 
but reversing the trend of increased obesity rates will require further bold actions and 
interventions that must be based on prevailing attributions of causes, based on scientific 
evidence.   
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Introductie 
In de huidige kapitalistische en globaliserende samenlevingen moeten voedselbedrijven 
hun uiterste best doen om hun marktaandeel te vergrootten (Nestle, 2013). Doordat grote 
voedselbedrijven veelal beursgenoteerd zijn en dus geforceerd worden elk jaar meer winst 
te maken, moeten ze enorme bedragen spenderen aan onderzoek, ontwikkeling en 
marketing, om zodoende de verkoop te stimuleren. Een veelgebruikte manier hiervoor is 
het gebruik maken van reclames – mensen te overtuigen of te verleiden om meer 
producten  van het geadverteerde merk te kopen (Kessler, 2010; Lindstrom, 2011, 2012; 
Moss, 2013). De persuasieve reclameboodschappen zijn vaak verwerkt in verschillende 
soorten media, om zodoende een positieve associatie voor het geadverteerde merk of 
producten op te roepen bij de consumenten.  
 Het belangrijkste doel van voedselreclames is dat mensen de geadverteerde 
voedselproducten vaker en meer gaan consumeren. Het overgrote gedeelte van de 
voedselreclames promoot voedsel dat calorierijk is, met relatief veel suiker(s), zout en vet 
(Harris, Pomeranz, Lobstein, & Brownell, 2009; Powell, Szczypka, Chaloupka, & 
Braunschweig, 2007). Dit eten wordt als lekker ervaren en werkt intrinsiek belonend, 
waardoor veel mensen zich hier aan overeten (Brownell & Gold, 2013). Het percentage 
volwassenen met overgewicht of obesitas is de laatste decennia dan ook enorm gestegen; 
nog zorgwekkender is de stijging van het aantal kinderen met overgewicht of obesitas 
(WHO, 2013). Verschillende wetenschappers stellen dat het overeten aan de 
hoogcalorische producten heeft geleidt tot de obesitasepidemie zoals we die nu kennen 
(Boyland & Halford, 2013; Brownell & Gold, 2013; Cairns, Angus, Hastings, & Caraher, 
2013; Chandon & Wansink, 2012; Galbraith-Emami & Lobstein, 2013). 
Systematische onderzoeksrapporten laten zien dat de mate, vormen en effecten van 
voedselmarketing op kinderen intensief en breed verspreid zijn, en dat het een effect heeft 
op ongezond eetgedrag van kinderen (Boyland & Halford, 2013; Harris et al., 2009; 
WHO, 2003, 2009, 2013). De voedselcues in de reclame wekken een bepaalde behoefte 
op voor de geadverteerde productcategorie, waardoor kinderen gemotiveerd raken om op 
zoek te gaan naar deze categorie producten en deze uiteindelijk te consumeren (Boyland 
& Halford, 2013). In een samenleving waarin dit hoogcalorische voedsel overal 
verkrijgbaar is en voedselcues alom vertegenwoordigd zijn om mensen eraan te 
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herinneren dat deze producten overal verkrijgbaar zijn, leidt dit voortdurend tot het 
consumeren van dit soort voedsel (Wardle, Carnell, Haworth & Plomin, 2008).  
De voedselreclames zijn zo ontwikkeld, bijvoorbeeld door het gebruik van felle 
kleuren en beroemdheden, dat ze tegenwoordig de aandacht van kinderen automatisch 
weten te trekken. Marketeers verwerken de reclameboodschappen in sterkere mate in een 
andere inhoud, zoals bijvoorbeeld in films of series, of online spelletjes, die in eerste 
instantie niets met het betreffende merk of producten van doen lijkt te hebben, maar 
ondertussen een verkapte vorm van reclame beïnvloeding is. Kinderen kunnen zich 
daardoor moeilijk kritisch opstellen ten opzichte van de reclame, omdat de meeste 
kinderen zich niet bewust zijn van deze persuasieve beïnvloeding.  
Het is dan ook niet verwonderlijk dat marketeers al vroeg beginnen met het 
beïnvloeden van de consumptiekeuzes van mensen; kinderen zijn tenslotte makkelijker te 
beïnvloeden omdat ze nog niet dezelfde cognitieve vaardigheden hebben als volwassenen 
om zich kritisch op te stellen ten opzichte van persuasieve boodschappen (Klein, 2002; 
Lindstrom, 2011; 2012; Lindstrom & Seybold, 2003). Verder hebben jonge kinderen nog 
vele jaren van consumptiegedrag voor zich en hebben kinderen de laatste jaren ook steeds 
meer geld te spenderen, waardoor zij voor marketeers een interessantere doelgroep zijn 
geworden. Een andere reden waarom kinderen een interessante doelgroep zijn van 
marketeers is dat zij het consumptiegedrag van de ouders kunnen beïnvloeden, 
bijvoorbeeld het zogenoemde zeurgedrag (Lindstrom & Seybol, 2003), waarbij kinderen 
blijven vragen om de geadverteerde producten. Om deze redenen is het interessant om te 
kijken in welke mate de voedselreclames een invloed hebben op het eetgedrag van 
kinderen.  
Daarnaast vindt communicatiegedrag steeds meer online plaats, en het internet is 
een medium dat marketeers meer zijn gaan gebruiken voor het adverteren van hun merk 
en producten (Ofcom, 2014). Een populair voorbeeld van online marketing is de 
advergame; advergames zijn online spelletjes waarin de inhoud van het spel gerelateerd is 
aan een merk of producten (Mallinckrodt & Mizerski, 2007). Denk hierbij aan 
memoryspelletjes waarbij de kaarten bedrukt zijn met een merk en producten, of een spel 
Pacman waarbij je voedselproducten moet verzamelen. De reclameboodschappen zijn 
vaak sterker verwerkt in de entertainende en animerende inhoud van de spelletjes dan 
bijvoorbeeld in meer traditionele vormen van reclames, zoals televisie commercials en 
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geprinte media. Kinderen spelen het online spelletje en zijn zich er vaak niet van bewust 
dat ze blootgesteld worden aan een reclame, waardoor ze onbewust worden beïnvloedt 
door de reclameboodschap die in het spel verwerkt is (Buijzen, Van Reijmersdal, & 
Owen, 2010). Het spelen van de spelletjes vergt actieve aandacht en participatie. Verder 
spelen kinderen de spelletjes vaker en langer dan dat ze naar een televisiecommercial 
kijken, waardoor de blootstelling aan de voedselcues groter is (An & Stern, 2011; 
Cauberghe & De Pelsmacker, 2010; Culp, Bell, & Cassady, 2010; Moore, 2006; 
Thomson, 2010). 
De advergames hebben dezelfde eigenschappen als normale computer spelletjes 
(Mallinckrodt & Mizerski, 2007), bijvoorbeeld de opties tot het spelen van meerdere 
levels en het creëren van avatars – allemaal om ervoor te zorgen dat kinderen terugkomen 
op de website van het voedselmerk en vaker geconfronteerd worden met het merk en de 
producten (Santos, Gonzalo, & Gisbert, 2007).  In de Verenigde Staten werd in 2009 al 
676 miljoen dollar uitgegeven aan het maken van advergames (Lee, Choi, Quilliam, & 
Cole, 2009). Tussen 2006 en 2012 zijn de uitgaven voor online marketing in de Verenigde 
Staten met 50 % gestegen, terwijl de uitgaven voor reclamecommercials op televisie voor 
jongeren met 19,5 % is gedaald (FTC, 2012). Tot nu toe hebben de meeste 
wetenschappelijke studies gekeken naar het effect van voedselreclames op televisie op het 
eetgedrag van kinderen. Aangezien kinderen steeds meer gebruik maken van het internet 
(Ofcom, 2014) en voedselbedrijven meer online marketing inzetten ter promotie van hun 
merk en producten (FTC, 2012), is het belangrijk om het effect van deze vorm van 
voedselreclame te onderzoeken. Dit proefschrift richt zich daarom op het effect van 
advergames op het eetgedrag bij kinderen. 
Ondanks dat het bekend is dat individuele factoren van belang zijn bij het 
begrijpen en verklaren van media effecten is er nog vrij weinig onderzoek gedaan naar 
welke factoren dit precies zijn (Valkenburg & Peter, 2013). Twee studies hebben 
bijvoorbeeld laten zien dat kinderen met overgewicht ontvankelijker zijn voor 
voedselreclames (Halford, Gillespie, Brown, Pontin, & Dovey, 2004; Halford et al., 
2008). Echter, welke psychologische kenmerken ervoor zorgden dat sommige kinderen 
sterker reageren op de voedselreclames is nog onbekend. Om die reden onderzoekt dit 
proefschrift welke individuele factoren kunnen verklaren waarom sommige kinderen 
ontvankelijker zijn voor voedselreclames dan anderen.  
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Opbouw van dit Proefschrift 
In Hoofdstuk 1 is een korte uiteenzetting van de wetenschappelijke literatuur 
weergegeven en is het theoretische kader beschreven waaruit de doelstellingen en de 
hypothesen van dit proefschrift zijn afgeleid. De zes daaropvolgende hoofdstukken 
bevatten de rapportage van de zes empirische studies die zijn uitgevoerd voor het 
onderzoeken van de doelstellingen die in dit proefschrift centraal staan. Alle artikelen zijn 
gepubliceerd, geaccepteerd of ingediend voor publicatie bij internationale 
wetenschappelijke tijdschriften. De inhoud van de hoofdstukken in dit proefschrift zijn 
gelijk, of in beperkte mate aangepast, aan de gepubliceerde, geaccepteerde of ingediende 
artikelen. Ieder hoofdstuk bevat daarom een eigen samenvatting, introductie, discussie en 
literatuurlijst. In dit deel worden de specifieke doelstellingen beschreven en vervolgens 
wordt een korte samenvatting gegeven van ieder hoofdstuk.  
De eerste doelstelling van dit proefschrift is om vast te stellen wat het effect is van 
een advergame dat voedsel promoot op het eetgedrag van kinderen. Hiervan zijn de 
resultaten beschreven in Hoofdstuk 2. De tweede doelstelling is om te onderzoeken of de 
voedselkeuze die kinderen maken na het spelen van een advergame dat voedsel promoot 
geassocieerd is met het BMI van kinderen twee jaar later. Hiervan zijn de resultaten 
beschreven in Hoofdstuk 3. De derde doelstelling is om te onderzoeken welke individuele 
kenmerken de ontvankelijkheid van kinderen voor voedselreclames kan verklaren. 
Hiervan zijn de resultaten beschreven in Hoofdstuk 4, 5 en 6. De vierde doelstelling is om 
te onderzoeken of een korte inhibitietaak het effect van een advergame die hoogcalorisch 
voedsel promoot kan verminderen. Hiervan zijn de resultaten beschreven in Hoofdstuk 7. 
In Hoofdstuk 8 wordt teruggeblikt op de resultaten die uit de individuele hoofstukken naar 
voren zijn gekomen en welke conclusies hier uit getrokken kunnen worden. Dit 
theoretisch essay is in een aangepaste vorm ingediend bij een wetenschappelijk tijdschrift. 
In Hoofdstuk 9 worden de maatschappelijke implicaties beschreven en een algemene 
samenvatting gegeven.  
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Hoofdstuk 2: Het effect van een advergame dat hoogcalorische snacks of fruit promoot op 
het eetgedrag van kinderen.   
Hoofdstuk 2 beschrijft een experiment dat is uitgevoerd om de eerste doelstelling van het 
proefschrift te onderzoeken. De eerste doelstelling is vast te stellen wat het effect is van 
een advergame dat voedsel promoot op het eetgedrag van kinderen. Een aantal 
onderzoeken hebben het effect van advergames op eetgedrag bij kinderen getoetst (e.g., 
Harris et al., 2012; Pempek & Calvert, 2009), maar bevatte een aantal methodologische 
tekortkomingen waardoor een nieuw en verbeterd onderzoek meer duidelijkheid moest 
geven over de effecten van advergames die voedsel promootten op het eetgedrag van 
kinderen. Een gerandomiseerd between-subject design werd uitgevoerd met 270 kinderen 
(leeftijd: 8-10 jaar). Kinderen speelden of een advergame waarin hoogcalorische snacks, 
fruit, of speelgoed werd gepromoot, of zaten in een controle conditie waarin ze geen spel 
speelden. De advergame bestond uit een memory-spel waarbij zestien losliggende kaartjes 
werden gebruikt. Op de achterkant van de kaarten stond het merk en het logo (van een 
snoep-, fruit-, of speelgoedfabrikant), op de voorkant stonden individuele producten 
(snoep, fruit, of speelgoed) van dat merk. Vervolgens konden de kinderen voor 5 minuten 
ad libitum eten van hoogcalorische snacks of fruit. Naderhand werd gewogen hoeveel de 
kinderen hadden gegeten. Aan het einde vulden de kinderen nog een vragenlijst in en 
werden de kinderen gemeten en gewogen.  
De resultaten van deze studie laten zien dat kinderen die een advergame speelden 
waarin hoogcalorische snacks of fruit werd gepromoot, meer calorieën hadden gegeten 
dan de kinderen die de advergame speelden waarin speelgoed werd gepromoot, of die in 
de controle conditie zaten. Verder laten de resultaten zien dat kinderen die een advergame 
speelden waarin hoogcalorische snacks of fruit werd gepromoot meer aten van de 
hoogcalorische snacks dan kinderen die de advergame speelden waarin speelgoed werd 
gepromoot, of die in de controle conditie zaten. Belangrijk om hierbij te vermelden is dat 
de kinderen die de advergame speelden met hoogcalorische snacks niet meer aten dan de 
kinderen die de advergame speelden met fruit; deze kinderen aten beiden meer in het 
algemeen en van de hoogcalorische snacks dan kinderen die de advergame speelden met 
speelgoed of de kinderen die in de controle conditie zaten. Tenslotte aten de kinderen die 
de advergame speelden met fruit niet meer van het fruit dan de andere kinderen. De 
algemene conclusie aan de hand van deze studie is dat kinderen meer hoogcalorisch 
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voedsel eten na het spelen van een advergame waarin voedsel (hoogcalorische snacks of 
fruit) word gepromoot. 
 
Hoofdstuk 3: Lange termijn effecten van de voedselkeuzes van kinderen na het spelen van 
een advergame waarin hoogcalorische snacks werden gepromoot op het BMI.  
Hoofdstuk 3 is een vervolgstudie op het onderzoek dat is beschreven in Hoofdstuk 2. Dit 
onderzoek is uitgevoerd om de tweede doelstelling van het proefschrift te onderzoeken. 
De tweede doelstelling is om te onderzoeken of de voedselkeuze die kinderen maken na 
het spelen van een advergame dat voedsel promoot geassocieerd is met het BMI van 
kinderen twee jaar later. Dezelfde kinderen die deel hebben genomen in het onderzoek dat 
is beschreven in Hoofdstuk 2 werden twee jaar later opnieuw gevraagd deel te nemen aan 
een kort onderzoek, waarin ze wederom werden gemeten en gewogen. In totaal deden 218 
kinderen (leeftijd: 10-12 jaar) mee aan het onderzoek.  
 De resultaten laten zien dat de hoeveelheid hoogcalorische snacks die kinderen 
aten na het spelen van een advergame waarin voedsel werd gepromoot niet geassocieerd is 
met het BMI van kinderen twee jaar later. Verder toonde de resultaten aan dat de kinderen 
die de advergame speelden waarin hoogcalorische snacks werden gepromoot en 
naderhand meer appels aten, een lager BMI hadden twee jaar later, terwijl dit effect niet 
werd gevonden voor de kinderen in de andere condities. De algemene conclusie uit deze 
studie is dat er geen samenhang lijkt te bestaan tussen het eten van hoogcalorische snacks 
na het spelen van een advergame waarin deze werden gepromoot en het BMI van kinderen 
twee jaar later, maar dat het eten van fruit na het spelen van de advergame waarin 
hoogcalorische snacks werden gepromoot daarentegen een negatieve relatie heeft met het 
BMI van kinderen twee jaar later.  
 
Hoofdstuk 4: Impulsiviteit, “advergames”, en voedselinname.   
Hoofdstuk 4 beschrijft een experiment dat is uitgevoerd om het eerste deel van de derde 
doelstelling van het proefschrift te onderzoeken, namelijk wat de rol van impulsiviteit is in 
het effect van voedselreclames op het eetgedrag van kinderen. Een gerandomiseerd 
between-subject design werd uitgevoerd met 261 kinderen (leeftijd: 8-10 jaar), die of een 
advergame speelden waarin hoogcalorische snacks (met of zonder inhibitietaak) werden 
gepromoot, of een advergame speelden waarin speelgoed (met of zonder inhibitietaak) 
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werd gepromoot. Dezelfde memory-spelletjes werden gebruikt als in het onderzoek dat is 
beschreven in Hoofdstuk 2.  
In het begin van het experiment werd impulsiviteit gemeten aan de hand van een 
computer taak. Daarna werden de kinderen uitgenodigd om een van de advergames te 
spelen en werden twee schalen met hoogcalorische snacks aangeboden waarvan ze 
konden eten tijdens het spelen. Tegen de helft van de kinderen werd verteld dat ze tijdens 
het spelen zoveel konden eten als ze wilden (zonder inhibitietaak), tegen de andere helft 
werd verteld dat ze tijdens het spelen zoveel konden eten als ze wilden maar dat ze 
naderhand een beloning zouden krijgen wanneer ze niets zouden eten (met inhibitietaak). 
Na het spelen van de advergame vulden de kinderen nog een korte vragenlijst in en 
werden ze wederom gemeten en gewogen.  
De resultaten van dit onderzoek laten zien dat het voor kinderen moeilijker was om 
het hoogcalorische eten te laten staan voor een toekomstige beloning wanneer ze de 
advergame speelden waarin hoogcalorische snacks werden gepromoot dan wanneer ze de 
advergame speelden waarin speelgoed werd gepromoot. Verder liet dit onderzoek zien dat 
met name impulsieve kinderen hier moeite mee hadden, in vergelijking tot minder 
impulsieve kinderen. De algemene conclusie uit deze studie is dat impulsiviteit een 
belangrijke factor is in het verklaren van de individuele ontvankelijkheid voor het effect 
van voedselreclames op het eetgedrag bij kinderen.  
 
Hoofdstuk 5: De rol van aandachtsbias in het effect van voedselreclames op het eetgedrag 
van kinderen. 
Hoofdstuk 5 beschrijft een experiment dat is uitgevoerd om het tweede deel van de derde 
doelstelling van het proefschrift te onderzoeken, namelijk wat de rol van aandachtsbias is 
in het effect van voedselreclames op het eetgedrag van kinderen. Een gerandomiseerd 
between-subject design werd uitgevoerd met 116 kinderen (leeftijd: 7-10 jaar), die of een 
advergame speelden waarin hoogcalorische snacks werden gepromoot, of een advergame 
speelden waarin speelgoed werd gepromoot. Terwijl de kinderen de spelletjes speelden 
werden oogbewegingen gemeten om zo te bepalen hoeveel aandacht de kinderen 
besteedde aan de reclameboodschap. Vervolgens konden de kinderen 5 minuten lang ad 
libitum hoogcalorische snacks eten. Aan het einde vulden de kinderen nog een vragenlijst 
in en werden de kinderen gemeten en gewogen. 
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De memory-spellen uit de vorige experimenten werden enigszins aangepast voor 
deze studie om het mogelijk te maken om de aandacht voor de reclameboodschappen te 
kunnen onderscheiden van de aandacht voor het spel. De kaarten in de spellen die 
gebruikt werden voor deze studie bevatte geen merken op de achterkant en alleen neutrale 
producten op de voorkant. De reclameboodschappen, in het ene spel voor hoogcalorisch 
voedsel en in de ander voor speelgoed, werden aan de zijkant van het spel geplaatst, zodat 
kinderen expliciet naar de boodschappen moesten kijken om gemeten te kunnen worden 
als aandacht voor de reclameboodschap.    
De resultaten laten zien dat kinderen met een grotere aandachtsbias voor 
voedselcues meer van de hoogcalorische snacks eten dan kinderen die dit niet hebben. 
Specifieker gesteld, kinderen die tijdens het spelen van de advergame waarin 
hoogcalorische producten werden gepromoot sneller naar de voedselcues keken en langer 
gefixeerd waren op de voedselcues, aten meer na het spelen van het spel dan kinderen die 
later naar de voedselcues keken en kortere fixaties op de voedselcues hadden. De 
algemene conclusie uit deze studie is dat aandachtsbias een belangrijke factor is in het 
verklaren van de individuele ontvankelijkheid voor het effect van voedselreclames op het 
eetgedrag bij kinderen.  
 
Hoofdstuk 6: Aandachtsbias voor voedselcues in reclames onder kinderen met 
overgewicht en kinderen met honger. 
Hoofdstuk 6 is een vervolgstudie op het onderzoek dat is beschreven in Hoofdstuk 5, dat 
is uitgevoerd om het tweede deel van de derde doelstelling van het proefschrift 
gedetailleerder te onderzoeken, namelijk wat de rol van aandachtsbias is in het effect van 
voedselreclames op het eetgedrag van kinderen. De focus in deze studie ligt in het 
analyseren van de verschillen in aandachtsbias voor voedselcues tussen kinderen met 
overgewicht en normaal gewicht, en tussen kinderen met veel honger of weinig honger. In 
deze studie is gebruikt gemaakt van dezelfde datagegevens als in Hoofdstuk 5.  
De resultaten laten zien dat kinderen met overgewicht en veel honger een grotere 
aandachtsbias hadden voor voedselcues dan kinderen met normaal gewicht en minder 
honger. De algemene conclusie van deze studie is dat visuele aandacht voor voedselcues 
in reclame een modererende rol lijkt te spelen in het verklaren van ontvankelijkheid voor 
voedselreclames bij kinderen.  
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Hoofdstuk 7: Aanpakken van impliciete reacties van kinderen op snacks: Het effect op 
eetgedrag.  
Hoofdstuk 7 beschrijft een experiment dat is uitgevoerd om de vierde doelstelling van het 
proefschrift te onderzoeken, namelijk of een korte impliciete inhibitietaak het effect van 
een advergame die voedsel promoot kan verminderen. Een gerandomiseerd between-
subject design werd uitgevoerd met 133 kinderen (leeftijd: 7-10 jaar). Zij speelden een 
advergame waarin hoogcalorische snacks werden gepromoot, of een advergame waarin 
speelgoed werd gepromoot. Nadat de kinderen het spel hadden afgerond voerden de 
kinderen een korte impliciete inhibitietaak uit. Vervolgens konden de kinderen voor 5 
minuten ad libitum eten van hoogcalorische snacks. Aan het einde vulden de kinderen nog 
een vragenlijst in en werden de kinderen gemeten en gewogen. 
 De resultaten van het onderzoek laten zien dat de korte impliciete inhibitietaak 
effectief is in het remmen van het impulsieve eetgedrag van kinderen. In beide condities, 
het spelen van de advergame waarin hoogcalorische producten of speelgoed werden 
gepromoot, werd er een remmend effect gevonden van de taak op het eetgedrag van 
kinderen. De algemene conclusie van deze studie is dat een impliciete inhibitietaak 
effectief is in het verlagen van de calorie-inname van kinderen.   
 
Hoofdstuk 8: Discussie van de onderzoeksbevindingen en conclusies. 
Hoofdstuk 8 beschrijft de discussie van de onderzoeksbevindingen en trekt vervolgens 
conclusies uit deze onderzoeksbevindingen. De bevindingen worden in dit hoofdstuk 
gerelateerd aan de vier specifieke doelstellingen van het proefschrift en verklaard vanuit 
het theoretisch kader dat in Hoofdstuk 1 is beschreven.  
De resultaten van de onderzoeken (zie Hoofdstuk 2, 4 en 5) laten zien dat 
advergames die voedsel promoten een stimulerend effect hebben op het eetgedrag van 
kinderen. Kinderen gaan tijdens of na het spelen van een advergame waarin voedsel wordt 
gepromoot meer eten van hoogcalorisch voedsel. Deze resultaten beantwoorden de eerste 
doelstelling van dit proefschrift. De resultaten laten zien dat het effect van een nieuwere 
vorm van voedselmarketing op het eetgedrag van kinderen aansluit bij de eerdere 
bevindingen met betrekking tot andere vormen van voedselreclames. Voedselreclames 
verhogen de inname van ongezonde snacks bij kinderen. Of de advergames waarin 
voedsel werd gepromoot een sterker effect hebben op het eetgedrag van kinderen dan de 
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meer regulierdere vormen van voedselreclames moet nog verder onderzocht worden, maar 
de resultaten suggereren van wel.  
Daarnaast laten de resultaten zien (zie Hoofdstuk 3) dat er geen relatie lijkt te 
bestaan tussen het kiezen voor hoogcalorische snacks na het spelen van een advergame 
waarin hoogcalorisch voedsel wordt gepromoot en het BMI twee jaar later, maar blijkt het 
eten van appels voor kinderen die een advergame spelen waarin hoogcalorische snacks 
worden gepromoot een negatieve relatie te hebben met BMI twee jaar later. Deze 
resultaten beantwoorden de tweede doelstelling van dit proefschrift. Voedselreclames 
beïnvloeden het eetgedrag van kinderen doordat ze een bepaalde behoefte opwekken voor 
de geadverteerde producten, maar wanneer kinderen geleerd hebben om voor de 
gezondere snack te kiezen, kan dat een positief gevolg hebben voor hun toekomstige BMI. 
Vervolgstudies moeten uitgevoerd worden om dit exacte mechanisme verder te ontrafelen.  
In de onderzoeken waarin individuele ontvankelijkheidsfactoren, zoals 
impulsiviteit (Hoofdstuk 4) en aandachtsbias (Hoofdstuk 5 en 6), zijn onderzocht als 
eventuele moderatoren voor het effect van voedselreclames op het eetgedrag van kinderen 
werd gevonden dat deze factoren een belangrijke rol spelen in het verklaren van de 
effecten van voedselreclames op het eetgedrag van kinderen. Niet alle kinderen worden 
even sterk beïnvloed door voedselreclames en verschillende factoren die een mogelijke rol 
kunnen spelen in het verklaren van het impulsieve eetgedrag na blootstelling aan een 
voedselreclame werden al eerder blootgelegd door andere onderzoekers (Field & Cox, 
2008; Guerrieri, Nederkoorn, & Jansen, 2008; Hermans et al., 2012; Jansen et al., 2009; 
Nederkoorn, Coelho, Houben, Guerrieri, & Jansen, 2012; Nederkoorn, Guerrieri, 
Havermans, Roefs & Jansen, 2009; Nijs et al, 2010a,b; Werthmann et al., 2011). Nu blijkt 
uit de resultaten van dit proefschrift dat impulsieve kinderen (Hoofdstuk 4) en kinderen 
met een aandachtsbias voor voedselcues (Hoofdstuk 5 en 6) sterker worden beïnvloed 
door de voedselreclames dan minder impulsieve kinderen of kinderen die geen 
aandachtsbias voor voedselcues hebben. Deze resultaten beantwoorden de derde 
doelstelling van dit proefschrift. Toekomstig onderzoek moet onderzoeken of deze 
individuele ontvankelijkheidsfactoren ook van invloed zijn op het effect van andere 
vormen van voedselreclames op het eetgedrag van kinderen. Verder zijn er wellicht 
andere ontvankelijkheidsfactoren die onderzocht moeten worden, om zodoende een beter 
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beeld te krijgen van de manier waarop individuele verschillen van belang zijn in het effect 
van voedselreclames op het eetgedrag.  
Tenslotte blijkt uit de resultaten van het onderzoek waarin werd gepoogd het effect 
van de advergames te remmen door middel van een impliciete inhibitietaak (Hoofdstuk 7) 
dat deze taak effectief is in het remmen van het impulsieve eetgedrag van kinderen. We 
vonden geen verschil in effectiviteit van deze taak voor kinderen die een advergame 
speelden waarin hoogcalorische snacks werden gepromoot of speelgoed. Deze resultaten 
beantwoorden de vierde doelstelling van dit proefschrift. Toekomstig onderzoek moet 
uitwijzen of deze taak in staat is het impulsieve eetgedrag te remmen dat voedselreclames 
proberen op te wekken. Verder moet onderzocht worden of deze taak ook een langdurig 
effect kan hebben in het impliciet remmen van het eetgedrag van hoogcalorische snacks 
bij kinderen. 
Omdat er vooralsnog geen eenduidig en compleet theoretisch raamwerk bestaat dat 
het effect van voedselreclames op eetgedrag kan verklaren, is in dit hoofdstuk een poging 
gedaan om bestaande, meer algemene, theorieën te integreren en in een nieuw theoretisch 
raamwerk te presenteren. De resultaten van dit proefschrift zijn gecombineerd met eerdere 
bevindingen van andere onderzoekers en probeert zodoende het effect van 
voedselreclames op het eetgedrag te verklaren. Het theoretische model is genaamd 
“Reactivity to Embedded Food Cues in Advertising Model”, en is uitgebreid beschreven in 
Hoofdstuk 8.  
 
Hoofdstuk 9: Maatschappelijke implicaties en algemene samenvatting. 
Hoofdstuk 9 beschrijft drie maatschappelijke implicaties van de bevindingen die in dit 
proefschrift zijn beschreven, in combinatie met eerdere bevindingen van andere 
onderzoekers. Ten eerste wordt de relatie tussen voedselreclame en de huidige 
obesitasepidemie onder kinderen bediscussieerd. De laatste drie decennia is vrijwel 
parallel aan elkaar het aantal kinderen met overgewicht en het mediagebruik onder 
jongeren drastisch toegenomen. Verschillende studies laten zien dat er een positieve 
relatie bestaat tussen media gebruik, energie inname en de ontwikkeling van BMI bij 
kinderen (voor overzichtsrapporten zie Marshall, Biddle, Gorely, Cameron, & Murdey, 
2004; Must & Tybor, 2005; Strasburger, Jordan, & Donnerstein, 2010).  
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Voedselmarketeers maken steeds meer gebruik van verschillende platforms en 
proberen kinderen op een onbewuste manier te beïnvloeden, waardoor kinderen geen 
kritische weerstand kunnen activeren. Kinderen zijn vaak al weinig kritisch ten aanzien 
van reclames omdat ze daar nog niet de cognitieve vaardigheden voor hebben ontwikkeld. 
Daarbovenop komt dat het overgrote gedeelte van de voedselreclames hoogcalorisch 
voedsel promoot. Het eten van deze producten wordt sterk gerelateerd aan het 
veroorzaken van overgewicht. De resultaten in deze dissertatie laten zien dat de 
advergames die hoogcalorische snacks promoten sterk bijdragen aan de calorie inname 
van kinderen, hetgeen op termijn negatieve gevolgen kan hebben voor het BMI.   
Ten tweede wordt de relatie tussen voedselreclame en voedselverslaving 
besproken. Recente studies laten zien dat dezelfde hersengebieden die geactiveerd worden 
bij gebruik van cocaïne, nicotine en alcohol, met name gelegen in het beloningsgebied, 
ook geactiveerd worden bij het zien van voedselcues van hoogcalorische producten en bij 
het eten van hoogcalorische producten (Ahmed, Avena, Berridge, Gearhardt, & Guillem, 
2013; Mason & Higley, 2013;Volkow, Wang, Fowler, & Telang, 2008). Steeds meer 
wetenschappelijk bewijs toont aan dat het eten van (te)veel producten met veel zout, vet 
en suiker kan leiden tot een voedselverslaving (Brownell & Gold, 2013). Gezien het feit 
dat het belangrijkste doel van voedselmarketeers is om kinderen meer van het 
geadverteerde hoogcalorisch voedsel te laten consumeren, de resultaten in dit proefschrift 
hebben laten zien dat deze strategie effectief is, dragen voedselmarketeers impliciet bij 
aan het ontstaan of stimuleren van een voedselverslaving.  
Ten derde worden de resultaten van dit proefschrift besproken met betrekking tot 
de regulatie van voedselmarketing. Overheden zien de obesitasepidemie onder kinderen 
als een ernstig probleem en willen hier iets aan doen, onder andere door de 
voedselmarketing voor kinderen strenger te reguleren. De afgelopen jaren is dit in veel 
landen gebeurd in overleg met grote voedselbedrijven, maar uit verschillende studies is 
gebleken dat dit weinig effectief is geweest  (Kelly et al., 2010; Nairn & Hang, 2012; 
Schwartz, Kunkel, & Delucia, 2013; Staiano & Calvert, 2012). Gezien het feit dat 
kinderen erg ontvankelijk zijn voor reclameboodschappen, marketeers steeds vaker 
onbewuste beïnvloedingsprocessen inzetten om hun merk en producten te verkopen, het 
overgrote gedeelte van de voedselmarketing hoogcalorische producten promoot, en het 
percentage kinderen met overgewicht of obesitas de laatste decennia enorm is 
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toegenomen, moeten overheden en beleidsmedewerkers overwegen om strengere 
regulering van voedselmarketing voor kinderen te gaan doorvoeren.  
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Graag wil ik nog een aantal mensen bedanken die mij hebben geholpen bij het 
totstandkomen van dit proefschrift. 
 
Allereerst wil ik mijn promoteren bedanken. Tezamen waren jullie een ijzersterk team dat 
mij optimaal heeft begeleid. Doeschka, jij was vanaf het sollicitatiegesprek al druk in de 
weer met het begeleiden van mijn project, dat tot dit resultaat heeft geleid. Kleine 
toevalligheden in je leven bepalen vaak de weg die je bewandelt, jij zorgde ervoor dat dit 
de weg was die ik heb mogen bewandelen. Je hebt aan mij laten zien dat het loont om 
soms verder te kijken dan je neus lang is, en ergens voor in te staan, waarvoor mijn 
oprechte dank. Verder heb je mij de relativiteit van veel zaken al in een vroegtijdig 
stadium aangetoond, waarvoor ik je ook erg dankbaar ben. Moniek, ontzettend bedankt 
voor jouw vertrouwen in mij als wetenschapper, onderzoeker, en docent. Je hebt moeite 
gedaan om mij mee te nemen naar je nieuwe plek in Nijmegen, waarvoor je lef en moed 
hebt moeten tonen. Je hebt mij ontzettend veel geleerd gedurende de afgelopen jaren, 
hopelijk komen daar nog vele jaren bij. Jouw kritische blik op mijn stukken is iets dat ik 
nodig heb om mezelf scherp te kunnen houden en om voor het maximale te kunnen 
blijven gaan.  
 
Daarnaast wil ik de leden van de beoordelingscommissie bedanken voor de tijd die zij in 
het beoordelen van mijn proefschrift hebben gestoken.  
 
Zonder respondenten waren de onderzoeken natuurlijk nooit gelukt. Daarom wil ik alle 
kinderen enorm bedanken voor de inzet en hulp bij dit project. Daarbij horen ook alle 
directeuren die mee hebben gewerkt aan de onderzoeken. Ik wil dan ook via deze weg, 
Jan van Espen, Hans Tjalsma, Eric Classens, Jet Dekkers, Arno Frencken, Johan van den 
Beucken, en Daniel Fermont ontzettend bedanken voor hun deelname aan de 
onderzoeken. Jullie weten denk ik nog steeds niet hoe dankbaar ik jullie ieder ben. 
 
Nathan, Robert, en Leon, bedankt voor al die uren dat jullie met mij zijn gaan trainen. 
Vaak op de tennisbaan, maar niet zelden ook in het bos of in de saaie fitnessruimte. 
Ogenschijnlijk lijkt dit niets met mijn proefschrift van doen te hebben gehad, maar voor 
mij was dit de noodzakelijke ontspanning. Ik heb heel erg genoten van al die ogenblikken, 
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(te) vaak verliezend, en voel me vereerd dat ik met zulke goede en toffe spelers heb 
mogen trainen. Joep en Ruud, bedankt voor jullie vriendschap. We kennen elkaar nu al 
meer dan 15 jaar, en nog steeds zijn we niet van elkaar losgeweekt. Bedankt voor alle 
leuke en minder leuke momenten die we hebben doorgemaakt, de reizen die we hebben 
gemaakt, en geneugten des levens die we hebben mogen proeven. Thijs, je hebt me 
ontzettend geholpen met dit proefschrift door de nodige kritiek te geven en verbeterpunten 
te suggereren, maar vooral door jezelf te zijn. Tijdens onze studietijd en daarna. Bedankt.  
 
Alle collega’s in Nijmegen: bedankt voor jullie steun en hulp, met name Esther; bedankt 
voor jouw geniale ingeving om een memory-spel te gebruiken als stimulus materiaal. 
 
Verder wil ik mijn familie ontzettend bedanken voor alle hulp. Moeder, je hebt mij laten 
zien wat het betekent om je verantwoordelijkheid te nemen, ergens in te geloven, en hard 
te werken om uiteindelijk je doelen te bereiken. Ik hoop van harte dat je weet, en nooit 
meer vergeet, dat ik dit van jou heb geleerd. Oma, je was er altijd wanneer ik je nodig had. 
Ondanks dat ik vaak tegensputterde heb ik ontzettend veel van je geleerd. Bedankt 
daarvoor. Kris, Philip en Annemarie, bedankt voor jullie steun, het sparren, en liefde. 
Opgroeien met zo’n fijne broers en zusje is iedereen gegunt. Daniel, bedankt voor alle 
avonden discussiëren onder het genot van een wijntje. Schoonfamilie, bedankt voor jullie 
steun en motiverende woorden. 
 
Suzanne, bedankt voor je geloof in mijn kunnen en steun wanneer het nodig was. 
Waarschijnlijk was ik op sommige momenten, naar verluid met name aan het einde van 
dit project, niet altijd even vrolijk en ontspannen. Bedankt voor jouw coulance en liefde. 
Niet te vergeten de liefde en tijd die je met onze geweldige dochter Mette door hebt 
gebracht op de momenten dat ik op de werkkamer weer eens de neiging had om de laptop 
uit het raam te gooien, of anderszins. Mette, je begrijpt er nu waarschijnlijk nog geen fluit 
van wat papa allemaal heeft opgeschreven en wat “Papa moet nog even werken…..” 
betekent, maar wanneer je de leeftijd hebt dat je het wel begrijpt, hoop ik dat je dit boekje 
doorbladert en doet alsof je het interessant vindt. En misschien jouw zusje ook wel. 
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